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PREFACE 


This  investigation  was  initiated  jointly  by  the  U.  S.  Army  Mobil¬ 
ity  Equipment  Research  and  Development  Command  (MERADCOM)  and  the  Office, 
Chief  of  Engineers  (OCE),  U.  S.  Army.  Project  No.  IL162733AH20-B8 
(under  6.2  funds)  entitled  "Expedient  Surfacing  and  Soil  Investigation" 
and  Project  No.  I L46372DG0 1- 12  (under  6 . 3A  funds)  entitled  "Tactical 
Bridge  Access/Egress  Investigation"  were  authorized  by  MERADCOM.  The 
OCE  authorized  project  was  4A7627 19AT40 ,  Task  02,  entitled  "Techniques 
for  Tactical  Bridge  Access/Egress." 

The  study  was  conducted  during  the  period  December  1977  through 
September  1978  by  personnel  of  the  Geotechnical  Laboratory  (GL) ,  U.  S. 
Army  Engineer  Waterways  Experiment  Station  (WES),  under  the  general  su¬ 
pervision  of  Messrs.  J.  P.  Sale,  former  Chief,  GL,  and  Dr.  D.  C.  Banks, 
Acting  Chief,  GL.  Personnel  actively  engaged  in  planning  and  conducting 
the  investigation  were  Messrs.  R.  L.  Hutchinson  (retired),  W.  L.  Mclnnis 
(retired),  H.  L.  Green,  W.  E.  Willoughby,  D.  W.  White,  C.  J.  Smith,  and 
G.  L.  Carr.  The  organization  and  consolidation  of  this  report  were 
accomplished  by  Messrs.  Carr,  Green,  and  H.  M.  Taylor,  Jr. 

Commanders  and  Directors  of  the  WES  during  the  conduct  of  this 
investigation  were  COL  John  L.  Cannon,  CE,  and  COL  Nelson  P.  Conover, 

CE .  Technical  Director  was  Mr.  Fred  R.  Brown. 
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U.  S.  customary  units  of  measurement  used  in  this  report  can  be  con¬ 
verted  to  metric  (SI)  units  as  follows: 
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TACTICAL  BRIDGE  ACCESS/EGRESS 
PRELIMINARY  INVESTIGATION 


PART  I:  INTRODUCTION 


Background 


1.  The  U.  S.  Army  may  find  itself  at  war  in  any  of  a  variety  of 
places  and  situations,  fighting  opponents  that  could  vary  from  highly 
modern  mechanized  forces  to  light,  irregular  units  in  a  remote  part  of 
the  less-developed  world.  Wherever  the  battle  begins,  the  U.  S.  Army 
must  be  equipped,  organized,  and  trained  to  undertake  appropriate 
military  action. 

2.  Battle  in  central  Europe  is  probably  the  most  demanding  mis¬ 
sion  the  U.  S.  Army  could  be  assigned  (Headquarters,  Dept,  of  the  Army, 
1976).  Because  the  U.  S.  Army  has  large  forces  deployed  in  that  area, 
the  investigation  described  herein  was  conducted  with  test  parameters 
(soil  conditions  and  slopes)  representative  of  field  conditions  to  be 
encountered  in  central  Europe. 

3.  River  crossing  operations  are  an  integral  part  of  land  warfare. 
The  lethality  of  modern  weapons  and  the  capability  of  larger  enemy  for¬ 
mations  dictate  that  crossing  forces  reduce  their  vulnerability  by  main¬ 
taining  inherent  mobility.  The  object  of  any  river  crossing  is  to 
project  combat  power  across  a  water  obstacle  while  ensuring  the  in¬ 
tegrity  and  momentum  of  the  force.  Therefore,  whenever  possible, 
whether  in  the  offense  or  retrograde,  rivers  must  be  crossed  in  stride 

as  a  continuation  of  the  operation  using  organic,  existing,  or  expedient 
crossing  means  (Headquarters,  Dept,  of  the  Army,  1978). 

4.  The  need  for  surfacing  over  marginal  soil  materials  to  expe¬ 
dite  military  traffic  to  and  from  hastily  constructed  bridge  structures 
is  apparent  to  ensure  integrity  and  maintain  the  momentum  of  the  force. 
How  and  where  the  Army  goes  in  time  of  combat  is  greatly  dependent  upon 
planning,  opportunity,  and  the  possiblity  of  improving  stream  crossings. 
The  Army's  experience  and  lessons  learned  are  well  documented,  studied, 
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and  used  as  a  guide  to  develop  more  rapid  methods  or  systems  of  crossing 
streams  (Headquarters,  Dept,  of  the  Army,  1978).  As  the  development  of 
tactical  bridge  access/egress  systems  was  under  way,  requirements  for 
material,  weight,  cost,  placement  time,  manpower,  etc.,  were  constantly 
changing.  Hence,  prior  to  undertaking  the  preliminary  bridge  access/ 
egress  research  investigation,  testing  of  current  Department  of  Defense 
depot  items  was  planned  to  determine  to  what  degree  depot  items  such  as 
aircraft  landing  mats  and/or  membranes  would  meet  these  requirements. 

5.  The  Headquarters,  (J .  S.  Army  Materiel  Development  and  Readi¬ 
ness  Command  (DARCOM)  and  Office,  Chief  of  Engineers  (OCE) ,  U.  S.  Army, 
initially  funded  the  tactical  bridge  access/egress  investigation.  The 
management  of  the  project  was  through  the  U.  S.  Army  Mobility  Equipment 
Research  and  Development  Command  (MERADCOM) ,  Ft.  Belvoir,  Va . ,  who,  with 
the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  and  the  U.  S. 
Army  Engineer  School  (USAES),  developed  a  Letter  of  Agreement  (LOA) 
(Welker,  1979).  The  draft  LOA  was  used  as  a  guideline  by  the  WES  to 
perform  the  research  and  engineering  tests  on  depot  materials  in  an 
attempt  to  meet  the  stated  LCA  requirements  and  to  determine  to  what 
extent  present  inventory  items  meet  some  or  all  of  these  requirements. 

Purpose 

6.  This  report  consolidates  and  documents  preliminary  research 
and  development  efforts  on  Army  access/egress  systems  or  concepts. 

These  systems  will  support  assault  and  follow-up  phases  of  tactical 
river  crossing  operations. 
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7.  Eight  separate  studies  designed  to  address  major  requirements 
of  the  LOA  for  a  tactical  bridge  access/egress  system  were  consolidated 
into  one  report.  Each  of  the  studies  was  described  previously  either  in 
a  WES  Memorandum  for  Record,  a  draft  report,  or  a  draft  user's  manual; 
this  report  summarizes  the  test  results  and  documents  the  work  in 
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chronological  order.  Each  in-house  report  is  presented  as  one  of  the 
appendices  of  this  report. 


8.  The  major  requirements  stated  in  the  LOA  for  a  tactical  bridge 
access/egress  system  are  summarized  below: 

a.  The  assault  vehicle  egress  role  must  allow  swimming  and 
fording  combat  vehicles  to  exit  streams  that  have  slopes 
within  their  normal  climbing  capabilities  (maximum  25  per¬ 
cent).  The  egress  points  must  be  capable  of  withstanding 
25  passes  by  vehicles  up  to  and  including  Military  Load 
Class  (MLC)  60.  The  system  will  enable  one  squad  of  an 
Engineer  Combat  Company,  using  current  organic  equipment, 
to  simultaneously  install  two  egress  points,  5  m  wide  and 
15  to  20  m  long,  within  15  min  after  arriving  at  the  exit 
bank . 

b.  The  bridge  equipment  access  role  must  provide  access  lanes 
for  use  by  gap  crossing  equipment  to  reach  bridge  launch 
sites.  The  access  lanes  must  be  capable  of  withstanding 
50  passes  by  vehicles  up  to  and  including  MLC  25.  The 
system  will  enable  10  people  from  the  Engineer  Assault 
Float  Bridge  Company  (ribbon),  using  current  organic 
equipment,  to  install  single  lanes,  4  m  wide,  at  the  rate 
of  100  to  125  m  in  30  min. 

c.  The  bridge  traffic  access/egress  role  must  provide  road¬ 
ways  capable  of  withstanding  2000  to  3000  vehicle  passes 
(10  percent  rated  at  MLC  60).  The  system  will  enable  one 
platoon  of  the  Engineer  Combat  Company  (Corps),  using  cur¬ 
rent  organic  equipment,  to  install  single,  4-m  lanes  at 
the  rate  of  250  to  300  m  in  45  min. 

The  complete  objectives  are  presented  in  the  LOA  (Appendix  A).  The  mis¬ 
sion  of  a  tactical  bridge  access/egress  system  was  to  provide  traffic- 
ability  for  wheeled  and  tracked  vehicles  over  soils  and  slopes  normally 
impassable  and  to  assist  those  vehicles  in  access/egress  at  river  cross¬ 
ing  sites.  The  system  will  consist  of  soil  and  bank  reinforcement  ca¬ 
pable  of  being  installed  (Headquarters,  Dept,  of  the  Army,  1965  and 
1966a;  Depts.  of  the  Army  and  Air  Force,  1968)  using  personnel  and 
equipment  organic  to  engineer  units. 
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PART  II:  PRELIMINARY  TRAFFIC  INVESTIGATIONS 
CONDUCTED  ON  PREPARED  TEST  SECTIONS 


Genera  1 


9.  Beginning  in  December  1977  and  continuing  through  September 
1978,  six  separate  test  section  subgrades  were  prepared  from  either 
buckshot  clay  or  concrete  sand  under  an  airplane  hangar-type  structure 
at  the  WES  to  provide  the  conditions  necessary  for  accurately  con¬ 
trolled  comparative  traffic  tests.  The  results  of  each  test  are  sum¬ 
marized  below,  following  the  chronological  test  sequence,  so  that  the 
impact  of  test  results  on  subsequent  tests  is  more  apparent.  Table  1 
summarizes  the  test  items,  the  sequence  and  results  of  measurements,  and 


observations . 


10.  The  first  test  subgrade  was  buckshot  clay  prepared  at  0.5 
California  Bearing  Ratio  (CBR)  strength.  This  strength  was  the  lower 
limit  of  soil  strength  expected  to  support  the  LOA  traffic  on  available 
depot  surfacing.  Since  this  subgrade  strength  did  not  support  the  re¬ 
quired  LOA  tank  traffic  with  any  available  surfacing  mats  and  because 
the  development  of  new  surfacing  capable  of  supporting  the  required 
traffic  on  less  than  a  2  CBR  would  be  cost  prohibitive,  a  1  to  2  CBR 
subgrade  strength  was  agreed  upon  (Harris,  1978)  for  further  tests  on 
prepared  clay  subgrades.  Also  in  this  letter  (Harris,  1978),  the  M51 
dump  truck  or  the  M54  cargo  truck  and  the  M48A1  tank  were  approved  as 
primary  test  vehicles. 

11.  The  LOA  traffic  requirement  was  met  by  both  the  M8A1  (Head¬ 
quarters,  Dept,  of  the  Army,  1973;  Tucker,  1968;  Garrett,  1959)  and  M19 
(Headquarters,  Dept,  of  the  Army,  1968  and  1973)  landing  mats  in  various 
placement  configurations  (Green  and  Ellison,  1969)  with  and  without  T17 
membrane  (Headquarters,  Dept,  of  the  Army,  1966b)  on  fat  clay  subgrades 
with  minimum  strengths  of  1.2  CBR.  For  a  subgrade  less  than  1.2  CBR,  the 
M8A1  sustained  only  150  truck  passes,  and  the  M19  sustained  2700  truck 
passes  and  56  of  the  required  300  tank  passes.  Results  of  traffic  at¬ 
tempts  on  unsurfaced  and  membrane-surfaced  test  sections  are  also 
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summarized  in  Table  1.  Under  ideal  conditions,  the  squa re- f oot -per  man¬ 
hour-placement'"  rates  of  M19  and  M8A1  landing  mats  achieve  from  19  to 
100  percent  of  the  LOA  required  rates;  however,  the  LOA  rate  was  met  for 
only  one  LOA  role  application.  Recommended  current  usage  of  inventory 
hardware  and  a  comparison  of  placement  rates  are  presented  in  Part  V. 

12.  Sand  confinement  grids  with  and  without  membrane  underlay  were 
also  investigated  for  access/egress  application.  To  investigate  the  po¬ 
tential  application  of  off-the-shelf  sand  confinement  grids,  laboratory 
strength  and  deflection  and  prepared  test  section  tr  ic  tests  were 
conducted  using  paper  and  aluminum  grids  and  fiberg  s  catwalk-type 
panels . 


13.  The  sand  confinement  tests  indicated  tha 


products  and 


various  test  configurations  with  membrane  will  not  Su^^ain  the  LOA  re¬ 
quired  traffic  even  after  the  tire  pressure  was  decreased  from  70  to 
35  psi  and  the  gross  weight  was  decreased  from  40,000  to  20,000  lb. 

The  paper  and  aluminum  grid  lost  all  usefulness  in  confining  sand  after 
about  200  and  1,000  passes,  repectively.  The  membrane  underlay  offered 
only  slight  benefit,  if  any.  Similar  performance  of  sand-filled  grids 
was  observed  by  Webster  and  Watkins  (1977),  Webster  and  Alford  (1978), 
and  Webster  (1979)  where  little  compaction  was  used  in  sand  placement. 
However,  it  was  observed  in  the  tests  by  Webster  that  an  unspecified 
amount  of  sand  compaction  and  a  surfacing  of  2  to  3  in.  of  crushed  stone 
or  about  1  in.  of  a  sand-asphalt  surfacing  within  the  top  inch  of  the 
grid  caused  greatly  enhanced  traf f icabi 1 i ty .  The  sand  compaction,  addi¬ 
tion  of  top  surfacing,  and/or  required  cure  times  as  studied  by  Webster 
are  prohibitive  when  considering  the  time  requirements  of  the  LOA. 

Initial  Traffic  Tests  on  M8A1  and  M19  Landing  Mats 

14.  The  initial  tests  were  conducted  using  M8A1  and  M19  landing 
mats  (Headquarters,  Dept,  of  the  Army,  1968  and  1973)  on  buckshot  clay 


A  table  of  factors  for  converting  U.  S.  customary  units  ot  measure 
merit  to  metric  (SI)  units  is  presented  on  page  4. 
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subgrade  with  a  CBR  strength  of  0.5.  A  soil  strength  this  low  was  dif¬ 
ficult  to  work  with  because  it  would  not  adequately  support  construction 
equipment  required  to  grade  and  slope  the  subgrade. 

15.  The  M8A1  mat  sustained  only  150  passes  of  the  M54  truck  before 
it  was  considered  a  hindrance  to  vehicle  maneuverability.  The  subgrade 
was  forced  through  joints  in  the  mat,  creating  traction  problems  in  addi¬ 
tion  to  being  pumped  to  the  edges  of  and  above  the  mat  surface,  creating 
a  bathtub  effect.  In  the  field,  this  bathtub  effect  would  be  a  greater 
hindrance  and  the  cause  of  surfacing  failure  in  high  rainfall  aieas. 

The  M8A1  mat  was  reusable  after  the  traffic  tests. 

16.  The  M19  mat  sustained  2700  truck  passes  and  56  tank  passes 
before  the  undercarriage  of  the  tank  began  dragging  on  the  mat.  Con¬ 
nectors  broke  on  six  panels;  the  other  panels  were  reusable.  Some  sub¬ 
grade  material  was  forced  through  the  M19  mat  joints,  causing  traction 
problems.  Both  the  truck  and  tank  traffic  resulted  in  subgrade  material 
being  pumped  to  the  side  of  the  mat,  creating  a  bathtub  effect.  The 
test  details  are  presented  in  a  WES  Memorandum  for  Record  included  as 
Appendix  B;  Lest  results  are  summarized  in  Table  1. 
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Tests  of  M8A1  Mats  with  and  Without  M8A1  Runners 

17.  Results  of  the  first  traffic  test  indicated  that  a  CBR 
greater  than  0.5  was  required  for  comparative  traffic  data  and  future 
tests  would  be  on  a  subgrade  with  a  CBR  strength  between  1  and  2.  A 
letter  (Harris,  1978)  from  MERADC0M  formally  approved  this  subgrade 

s  t  reng t  h . 

18.  All  M8A1  test  items  in  the  second  test  section  sustained  the 
required  3000  passes  of  mixed  truck  and  tank  traffic.  The  mats  suffered 
only  minor  damage  (a  few  cracked  and  broken  connector  hooks);  all  the 
mats  were  still  serviceable  and  reusable.  The  mats  with  welded  runners 
maintained  a  smoother  riding  surface,  but  panels  were  in  better  condi¬ 
tion  for  reuse  from  the  section  where  the  runners  were  not  welded.  A 
summary  of  the  test  results  \s  presented  in  Table  1. 

19.  Excessive  and  undesirable  subgrade  material  was  forced 
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through  the  mat  joints  in  all  sections.  Details  and  results  of  the 
tests  on  the  M8A1  mat  with  and  without  M8A1  runners  were  described  in  a 
WES  Memorandum  for  Record,  included  in  this  report  as  Appendix  C.  Pho¬ 
tographs  contained  in  Appendix  C  also  show  the  bathtub  effect  that  oc¬ 
curs  as  the  surfacing  system  is  forced  into  the  subgrade  after  as  few  as 
200  passes  of  the  M54  truck. 


M19  Mat  Tests  in  Various  Laying  Patterns 


20.  Three  placement  patterns  of  the  M19  mat  were  tested  in  a 

1.3  CBR  subgrade  in  the  third  test  section.  The  panels  in  all  placement 
patterns  sustained  the  required  passes  of  traffic  and  were  in  good  con¬ 
dition  for  reuse.  A  summary  of  the  test  results  is  presented  in  Table  1 

21.  Excessive  subgrade  was  extruded  onto  the  mat  surface  at  the 
joints,  indicating  a  need  for  a  membrane  underlay.  For  the  traffic  test 
on  the  normal  lay  pattern  (Item  3),  there  was  negligible  downward  and 
lateral  movement  of  the  mat.  The  distance  of  the  subgrade  above  the  mat 
was  a  maximum  of  1.75  in.  after  the  required  3000  passes  of  mixed  truck 
and  tank  traffic  in  Item  1.  Lateral  movement  due  to  the  traffic  and 
transverse  slope  built  into  the  test  section  caused  a  maximum  lateral 
movement  of  4.5  in.  in  Item  1.  The  mats  in  the  standard  placement  pat¬ 
tern  (Green  and  Ellison,  1969)  also  maintained  the  smoothest  surface  and 
were  recommended  for  further  testing.  Details  and  results  of  the  tests 
on  the  M19  mat  were  described  in  a  WES  Memorandum  for  Record  included  in 
this  report  as  Appendix  D. 

Tests  on  M8A1  and  M19  Landing  Mat s 
with  and  Without  T17  Membrane 

22.  The  required  mixed  truck  and  tank  traffic  was  performed  on 
the  M8A1  and  M19  landing  mats  each  with  a nd  without  T17  membrane  under¬ 
lay  in  the  fourth  test  section.  The  test  results  are  summarized  in 
Table  1;  details  of  the  tests  and  results  were  presented  in  a  WES  Memo¬ 
randum  for  Record,  included  in  this  report  as  Appendix  K.  All  items 


sustained  the  required  3000  passes  of  mixed  truck  and  tank  traffic;  the 


membrane  proved  effective  in  preventing  extrusion  of  subgrade  material 
through  joints  in  the  mat. 

23.  After  the  required  traffic,  the  M8A1  mat  was  still  service¬ 
able  but  not  suitable  for  reuse  due  to  traffic  damage  (about  half  of  the 
panels  contained  breaks).  The  M8A1  mat  punched  one  hole  in  the  T17  mem¬ 
brane  underlay.  The  M19  mat  was  reusable  after  the  required  traffic  and 
did  not  damage  the  T17  membrane  underlay. 

Evaluation  of  Paper  and  Aluminum  Grids 

24.  The  tactical  access/egress  system  optimization  required  by 
the  LOA  necessitates  investigation  of  potential  alternate  surfacing  sys¬ 
tems  for  sand  that  would  be  encountered  in  varying  amounts  in  some  river 
crossings.  Because  most  granular  materials  have  great  strength  when  ade¬ 
quately  confined,  various  sand-confining  grids  were  subjected  to  traffic 
with  and  without  a  membrane  underlay.  The  results  of  traffic  tests  in 
the  fifth  test  section  with  reduced  gross  loads  and  lower  tire  pressures 
are  summarized  in  Table  2.  The  details  and  results  of  laboratory  tests 
and  prepared-traffic  test  sections  were  documented  in  a  WES  Memorandum 
for  Record,  included  as  Appendix  F. 

25.  The  paper  grid,  impregnated  with  9  percent  phenolic  resin  to 
retard  or  prevent  water  absorption,  tested  with  and  without  membrane, 
added  some  strength  to  the  sand  but  not  enough  to  be  considered  for  ex¬ 
tensive  testing.  Test  results  of  this  study  and  Webster  (1979)  indicated 
the  6-in.  hexagon  cell,  6  and  8  in.  deep  with  surfacing,  should  be  fur¬ 
ther  tested  for  potential  access/egress  applications. 

Evaluation  of  Borden  and  IKG  Fiberglass  Panels 
for  Sand  Confinement 
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26.  Sand-confining  fiberglass  panels  manufactured  by  Borden  and 
IKG  industries  were  trafficked  with  and  without  membrane  in  the  sixth 
test  section  with  reduced  gross  loads  and  tire  pressures.  The  traffic 
test  results  are  summarized  in  Table  3,  and  detailed  test  parameters  and 
results  of  laboratory  tests  and  traffic  on  prepared  test  sections  were 
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documented  in  a  WES  Memorandum  for  Record,  included  in  this  report  as 
Appendix  G. 

27.  Traffic  tests  indicated  that  the  fiberglass  panels  were  dam¬ 
aged  but  the  panels  did  not  fail  while  sustaining  traffic  on  both  sand 
and  clay  subgrade;  the  traffic  was  stopped,  however,  either  because  of 
the  lateral  movement  of  panels  from  the  traffic  path  or  because  the  rut 
depth  became  excessive  (vehicle  undercarriage  would  drag).  Lateral 
movement  resulted  from  the  panels  working  out  of  the  sand  or  clay  sub¬ 
grade.  The  addition  of  weights  along  the  edges  of  the  panels  was  suc¬ 
cessful  in  holding  the  panels  in  place  but  tended  to  force  displaced 
subgrade  material  to  the  middle  of  the  wheel  paths.  The  membrane  did 
not  appear  to  provide  any  significant  improvement  in  the  performance  of 
the  panels  on  either  sand  or  clay  subgrades. 

28.  The  fiberglass  panels  increased  the  tra f f icabi 1 i ty  of  the 
subgrade  severalfold  and  indicated  potential  for  access/egress  applica¬ 
tions.  Design  improvements  recommended  for  the  fiberglass  panels  in¬ 
cluded  integral  side  connectors  and  a  method  of  anchoring  the  panels  in 
both  sand  and  clay  subgrades. 


PART  III:  PRELIMINARY  TESTS  CONDUCTED  ON  PREPARED 
SLOPES  AND  STREAM  EGRESS  LOCATIONS 

29.  In  July  1978,  traffic  tests  of  military  inventory  items  for 
effectiveness  in  riverine  egress  were  begun  on  the  WES  reservation. 
Slope-climbing  tests  were  conducted  on  a  road  cut  (upland  area)  graded 
to  a  25  percent  slope;  egress  tests  were  also  conducted  on  a  25  percent 


slope 


into  Brown  Lake. 


The  tests  were  conducted  on  bare  slopes,  on 
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slopes  covered  with  T17  membrane,  and  M19  and  M8A1  mat-surfaced  slopes 
both  wet  and  dry.  The  slope-climbing  tests  conducted  in  the  upland  area 
also  required  the  vehicles  to  track  through  a  wet  clay  at  the  toe  of  the 
slope.  Drawbar  pull  tests  were  conducted  with  the  Ml  13  armored  person¬ 
nel  carrier  (APC)  on  T17  membrane  stretched  and  anchored  on  level  ground. 
A  detailed  description  of  the  test  items,  both  written  and  photographic, 
and  the  test  results  were  included  in  a  WES  report,  a  draft  of  which  is 
included  in  this  report  as  Appendix  H. 

30.  Summaries  of  the  slope-climbing  and  lake  egress  tests  are 
presented  in  Tables  4  and  5,  respectively.  The  data  showed  that  the  T17 
membrane,  M19  mat,  and  M8A1  mat,  when  normally  placed,  will  not  provide 
adequate  traction  to  support  significant  traffic  on  a  25  percent  slope, 
wet  or  dry.  The  conclusions  from  Appendix  H  are  reproduced  below  for 
the  convenience  of  the  reader: 

a.  Tests  with  T17  membrane-covered  slopes  (25  percent  or 
less)  in  upland  areas  and  adjacent  to  a  lake  indicate 
that  the  membrane  must  be  anchored  extremely  well  on  the 
slope  and  that  the  membrane  itself  does  not  necessarily 
assure  traction  at  the  toe  of  the  slope  at  the  water-soil 
interface.  When  wet,  the  membrane  becomes  relatively 
slick  but  still  produces  a  sufficient  traction  surface 
for  vehicle  passage,  provided  the  vehicle  can  negotiate 
the  slope. 

b.  Tests  on  mat-surfaced  slopes  (M8A1  or  M19)  indicate  the 
same  problems  that  were  encountered  in  the  membrane 
tests.  When  the  mat  was  moved  totally  underwater,  the 
vehicle  negotiated  the  slopes,  sometimes  easily  and  other 
times  marginally,  depending  on  the  mat  configuration  and 
the  presence  of  any  points  on  the  mat  for  the  vehicle  to 
gain  sufficient  traction  to  climb  the  slope.  The  vehi¬ 
cles  negotiated  the  mat-covered  slopes  rather  easily,  wet 


or  dry,  when  sufficient  traction  was  obtained  to  climb 
the  slope. 

Placement  times  of  15  min  were  not  achieved.  In  fact, 
placement  of  the  membrane  or  mat  on  riverbanks  or  slopes 
by  any  of  the  means  used  in  the  tests  requires  at  least 
twice  the  time  stated  in  the  LOA .  Also,  engineer  equip¬ 
ment  must  be  available  for  anchor  placement,  mat  place¬ 
ment  upside  down  on  the  slope,  and  mat  or  membrane  an¬ 
chorage  underwater. 

Membrane  placed  in  lake  bottoms  underwater  must  be  placed 
so  that  allowances  are  made  for  the  membrane  movement  to 
conform  to  vehicle  ruts  in  the  soft  lake  bottom  mud  and 
the  edges  are  anchored  to  the  lake  bottom  to  prevent  en¬ 
tanglement  in  vehicle  running  gear.  Cables  attached  to 
sandbags  that  were  used  to  anchor  the  mat  to  the  lake 
bottom  in  the  tests  reported  herein  became  exposed  with 
vehicle  traffic  and  were  easily  entangled  in  the  vehicle 
traction  elements. 

The  Ml  13  APC  was  able  to  exit  the  lake  at  an  unimproved 
soil  ramp  where  the  slope  was  less  than  15  percent.  The 
slope  that  represents  its  limiting  capability  is  unknown. 
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PART  IV:  USE  OF  DEPOT  HARDWARE  FOR 
ACCESS/EGRESS  APPLICATION 


31.  A  description  of  the  installation  and  serviceability  of  in¬ 
ventory  depot  items,  T17  membrane  and  M19  and  M8A1  aircraft  landing 
mats,  and  methods  of  deployment  in  the  investigations  reported  in  Appen¬ 
dices  B  through  E  and  H  is  presented  in  Appendix  I.  Packaging  of  the 
inventory  and  pertinent  ancillary  items  and  placement  times  are  presented 
so  that  Appendix  I  will  function  as  a  field  manual  for  deployment  of  in¬ 
ventory  items  as  access/egress  hardware.  A  summary  of  Appendix  I  is  re¬ 
produced  below.  ' 

a.  Army  inventory  items  that  had  potential  to  be  used  as 
access/egress  surfacing  were  tested.  These  items  con¬ 
sisted  of  T17  membrane,  M19  landing  mat,  and  M8A1  land¬ 
ing  mat. 

b.  Tests  have  indicated  that  the  T17  membrane  alone  will 
not  meet  any  of  the  bridge  access/egress  roles;  however, 
it  may  be  used  as  a  waterproofing  medium  under  a  sur¬ 
facing  material  to  better  accomplish  the  bridge  equip¬ 
ment  access  role  and/or  the  bridge  traffic  access/egress 
role.  The  M19  mat  will  support  all  the  traffic  required 
by  the  Letter  of  Agreement  (LOA)  but  does  not  meet  in¬ 
stallation  rates  in  the  assault  vehicle  egress  role  and 
the  bridge  equipment  access  role  and  will  not  provide 
sufficient  traction  when  wet  and  muddy  as  required  in 
the  egress  role.  The  M8A1  mat  placed  either  normally 

or  inverted  will  support  all  of  the  required  traffic  of 
the  LOA.  Inverted,  the  surface  will  provide  adequate 
traction  for  the  Ml  13  APC  to  egress  a  stream.  The  M8A1 
mat  will  not  meet  any  of  the  installation  rates  in  any 
of  the  LOA  roles. 

c.  None  of  the  inventory  items  described  herein  totally 
satisfies  the  requirements  i n  the  LOA  for  a  tactical 
bridge  access/egress  surfacing.  However,  the  M8A1  land¬ 
ing  mat  installed  in  the  inverted  position  can  serve  as 
an  emergency  surfacing  in  the  interim  period  while  a 
surfacing  system  is  being  developed. 
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PART  V:  CONCLUSIONS  AND  RECOMMENDATIONS 

Reconunended  Current  Usage  of  Inventory  Items 
for  General  Access/Egress  Application 

32.  A  tabulation  of  the  access/egress  roles  and  the  LOA  time  re¬ 
quirements  for  placement  are  presented  in  Table  6  with  the  recommended 
current  usage  of  inventory  hardware.  This  tabulation  is  a  general  sum¬ 
mary  of  results  from  the  preliminary  investigations.  It  is  intended  to 
aid  field  engineers  in  selecting  depot  hardware  for  interim  usage  until 


an  access/egress  surfacing  system  is  fully  developed. 


Conclusions  and  Future  Research  and  Development  Recommendations 
Based  on  Traffic  Tests  Conducted  on  Existing 
Hardware  and  Prototype  Material 


33.  The  following  observations  are  warranted  based  on  traffic 
tests  conducted  on  existing  hardware  and  prototype  material: 

a.  Initial  traffic  tests  on  M8A1  and  MI9  mats.  A  0.5  CBR 
subgrade  was  determined  to  be  below  the  lower  limit  of 
soil  strength  that  can  support  the  LOA  traffic  on  avail¬ 
able  depot  surfacing. 

b.  Tests  on  the  M8A1  mat  with  and  without  M8AI  runners.  The 
M8A1  mat  with  and  without  runners  on  1.3  CBR  subgrade 
sustained  the  required  LOA  traffic  (3000  passes)  and  re¬ 
mained  serviceable  and  reusable. 

c.  A  bathtub  effect,  created  by  the  mat  being  forced  into 
the  subgrade  by  the  traffic,  would  be  detrimental  in 
areas  of  high  precipitation.  Excessive  and  undesirable 
subgrade  material  was  forced  through  the  mat  joints  in 
a  1 1  sect  ions . 

d.  M19  mat  tests  in  various  laying  patterns.  The  Ml 9  panels 
in  the  three  placement  patterns  tested  sustained  the  re¬ 
quired  passes  of  traffic  on  1.3  CBR  subgrade  and  were  in 
good  condition  for  reuse. 

e.  The  standard  placement  pattern  maintained  the  smoothest 
surface  and  was  recommended  for  future  testing. 

1.  Kxcesssive  subgrade  was  extruded  onto  the  mat  surface  at 
the  joints;  the  bathtub  effect  was  less  than  that  for  the 
M8A1  mat. 

g.  Tests  on  M8A1 and  M19  landing  mats  with  and  without  T17 
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membrane .  The  M8A1  anil  M19  mats  sustained  the  required 
LOA  traffic  with  the  T17  membrane  underlay  without  ex¬ 
truded  subgrade  material  interfering  with  traction  of 
vehic les . 


The  M19  panels  were  reusable  after  the  tests;  the  M8A1 
mats  were  not . 


Eval^uat  ionof  ‘LP^  al  uminujn  _g  r  ids  for  bridge  access/ 

egress  application.  The  aluminum  6- in.  hexagon  cell, 

8- ill. -depth  grid  with  and  without  membrane  provided  more 
strength  in  the  sand  subgrade  than  did  the  other  grids 
and  membrane  combinations.  This  grid  with  and  without 
membrane  sustained  1000  passes  of  the  M54  truck  and  was 
still  trafficable.  The  rut  depth  of  this  grid  with  and 
without  membrane  after  1000  passes  was  only  4.6  and 
4.9  in.  The  rut  depths  for  the  unsurfaced  sand  and  other 
grid/membrane  combinations  used  for  reinforcement  were 
much  greater.  However,  except  for  the  aluminum  6-in. 
hexagon  cell,  6-in. -depth  grid,  the  other  materials  had 
failed  at  100  passes  or  less.  Although  the  rut  depth  for 
the  aluminum  6-in.  hexagon  cell,  6-in. -depth  grid  with 
and  without  membrane  after  1000  passes  of  traffic  was 
7.2  and  7.7  in.,  these  materials  remained  trafficable. 


The  paper  grid,  impregnated  with  9  percent  phenolic 
resin,  with  and  without  membrane  and  the  aluminum  6-in. 
hexagon  cell,  4-in. -depth  grid  with  and  without  mem¬ 
brane  provided  some  added  strength  to  the  sand  subgrade. 
However,  since  these  materials  failed  during  this  inves¬ 
tigation  and  were  considered  ineffective  in  adequately 
confining  the  sand,  no  further  tests  are  recommended. 


It  is  recommended  that  traffic  tests  with  the  M54  cargo 
truck  with  highway  loading  conditions  (40,000-lb  gross 
weight)  and  tires  (inflated  to  70  psi)  be  considered  on 
aluminum  6-in.  hexagon  cells,  6-  and  8-in. -depth  grids 
both  with  and  without  Kevlar  membrane  placed  on  a  loose 
sand  subgrade  and  a  weak  ( 1  to  2  CBR)  clay  subgrade  with 
the  cells  filled  with  loose  sand  in  order  to  fully  opti¬ 
mize  the  cell  sizes  and  depths  of  these  materials,  when 
sand  filled  without  compaction  and  without  benefit  of  any 
additional  surfacing. 


The  Borden  and  1KG  panels,  if  given  future  consideration 
in  the  access/egress  programs,  should  be  developed  to 
include  integral  side  connectors. 


A  method  of  anchoring  the  Borden  and  i  KG  panels  would  be 
necessary  if  these  panels  are  to  be  considered  in  future 
access/egress  studies. 


The  Borden  and  1KG  panels,  if  redesigned  with  improve¬ 
ments  suggested,  should  be  tested  both  on  a  loose  sand 
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and  a  weak  (1.2  to  2.0  CBR)  clay  subgrade  with  the  M54 
cargo  truck  with  gross  load  of  AO, 000  lb  and  tires  in¬ 
flated  to  70  ps  i  . 


Conclusions  and  Recommendations  Based  on 


SI  ope  Investigatio ns  Condu cted  with 
Inventory  Materials 


34.  The  slope  and  streambank  egress  tests  indicated  the  following 
conclusions  and  recommendations  for  future  tests: 


Tests  with  T17  membrane-covered  slopes  (25  percent  or 
less)  in  upland  areas  and  areas  adjacent  to  a  lake  indi¬ 
cate  that  the  membrane  must  be  anchored  extremely  well  on 
the  slope  and  that  the  membrane  itself  does  not  necessar¬ 
ily  assure  traction  at  the  toe  of  the  slope  at  the  water- 
soil  interface.  When  wet,  the  membrane  becomes  rela¬ 
tively  slick  but  still  produces  a  sufficient  traction 
surface  for  vehicle  passage,  provided  the  underwater 
slope  does  not  degrade  to  a  steeper  slope. 


Tests  on  mat-surfaced  slopes  (M8A1  or  M19)  indicate  the 
same  problems  encountered  in  the  membrane  tests.  When 
the  mat  was  moved  totally  underwater,  the  vehicle  negoti¬ 
ated  the  slopes,  sometimes  easily  and  other  times  mar¬ 
ginally,  depending  on  mat  configuration  and  the  presence 
of  any  points  on  the  mat  for  the  vehicle  to  gain  suffi¬ 
cient  traction  to  climb  up  the  slope.  The  vehicle  nego¬ 
tiated  the  mat-surfaced  slope  rather  easily,  wet  or  dry, 
when  sufficient  traction  was  obtained  to  climb  up  the 
slope . 


An  installation  time  of  15  min  for  an  egress  point  5  m 
wide  and  15  to  20  m  long  is  not  realistic  for  hard  labor 
placement  of  membrane  or  mat  placement  on  riverbanks  or 
slopes.  Also,  engineer  equipment  must  be  available  for 
anchor  placement,  mat  placement  in  an  inverted  condition 
on  the  slope,  and  mat  placement  or  membrane  anchorage 
underwa  ter . 


Membrane  placed  underwater  in  lake  bottoms  must  be  placed 
so  that  allowances  are  made  for  membrane  movement  to  con¬ 
form  to  vehicle  ruts  in  soft  streambed  sediments.  The 
edges  must  be  anchored  to  prevent  entanglement  in  vehicle 
running  gear.  Cables  attached  to  sandbags  used  to  anchor 
the  mat  to  the  lake  bottom  in  the  tests  reported  herein 
became  exposed  with  vehicle  traffic  and  were  easily  en¬ 
tangled  in  the  vehicle  traction  elements. 


Tests  should  be  conducted  with  experimental  traction  de¬ 
vices  underwater  to  determine  a  maximum  underwater  slope 
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for  the  traction  device  to  assure  vehicle  slope  passage. 

Tests  should  be  conducted  on  slopes  of  other  soil  types, 
especially  clays,  to  determine  any  detrimental  effects  of 
clay  on  vehicle  performance.  Water  egress  tests  should 
be  conducted  at  various  slopes  less  than  25  percent  to 
determine  the  limit  of  egress  on  unimproved  slopes. 

(This  xs  presently  estimated  to  be  less  than  a  15  percent 
slope.)  The  use  of  an  anchor  and  winch  to  assist  a 
tracked  vehicle  to  exit  a  stream  on  a  25  percent  slope 
should  be  evaluated  (even  though  no  present  combat 
vehicle  has  the  capability).  There  are  circumstances 
where  a  bulldozer  or  universal  engineer  tractor  might  be 
able  to  ford  a  stream  and  get  closer  to  the  bank  to  use 
its  winch  if  either  piece  of  equipment  were  available. 

Other  available  depot  items  of  possible  relevance  to 
these  tests  in  terms  of  bank  surfacing  or  stabilization 
should  be  tested  under  field  conditions. 

A  mat,  similar  to  the  inverted  M8A1  with  integral  trac¬ 
tion  devices,  should  be  designed  and  tested  for  the 
access/egress  surfacing. 
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Table  6 

Current  Recommended  Usage  of  Inve ntory  H a rdwa re 
for  Access/Egress  Appl ications 


Access/Egress  Role 

M  1 9 

Inventory  Item 
T 1  7* 

M8A 1 

Assault 

Structural  adequacy'"" 

Yes 

No 

Yes 

Vehicle  traction  on  25  percent  slope, 

dry 

Yes 

Yes 

Yes 

Vehicle  traction  on  25  percent  slope. 

wet 

Yest 

Yest 

Yestt 

Climbing  out  of  water 

No 

No 

Yestt 

Deployment  time  required  (square  feet 
man-hour) 

per 

240 

0 . 03t 

163 

Special  equipment 

No 

No 

No 

LOA  time  requirement  (square  feet  per 
man-hour) 

861 

NA 

861 

rs-  • 

r  ■ 


Bridging  equipment  access 


For  use  beneath  M19  or  M8A1. 

1.3  CBR  or  better  subgrade. 

t  But  not  through  wet  clay  at  toe  of  slope. 

Tt  Yes,  with  mat  inverted  but  marginal  with  wet  clay  or  water 
of  slope. 

|  Deployment  on  slope  requires  trench,  additional  anchorage, 
backfill ing . 

tt  Deployment  time  based  on  5  men  placing  a  2000-sq-ft  bundle 
membrane  under  ideal  conditions  in  1  min. 


at  toe 
and 

of  T 1  7 
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Structural  adequacy 

Yes 

No 

Yes 

feNiaSSfESt.# 

Deployment  time  required  (square  feet 

per 

»  .*•  -  .  *  *  *  • 

man-hour) 

573 

20 , OOOtt 

361 

V  V/ 

Special  equipment 

No 

No 

No 

LOA  time  requirement  (square  feet  per 

man-hour) 

1076 

NA 

1076 

Bridge  traffic  access/egress 

■  V-A'/v 

•  '  \  ’«  ’ 

Structural  adequacy 

Yes 

No 

Yes 

.  V4' 

Deployment  time  required  (square  feet 

per 

•  .* » 

•  .*  V  * ,  / 

man-hour) 

573 

20, OOOtt 

361 

s-.VvMV 

Special  equipment 

No 

No 

No 

LOA  time  requirement  (square  feet  per 

man-hour ) 

574 

NA 

574 
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APPENDIX  A 

LETTER  OF  AGREEMENT  (LOA)  TACTICAL 
BRIDGE  ACCESS/EGRESS  SYSTEM 
24  July  1979 


V 


ft 

S' 


’At  i/V 


DEPARTMENT  OF  THE  ARMY 

HEADQUARTERS  UNITED  STATES  AAMr  TRAINING  AND  DOCTRINE  COMMAND 
FORT  MONROE.  VIRGINIA  23601 


ATCD-MC 


2k  July  1979 


SUBJECT :  Letter  of  Agreement  (LOA)  for  a  Tactical  Bridge  Access/Egress 
System,  USATRADOC  ACN  38653 


SEE  DISTRIBUTION 


1.  Reference  AR  71-9. 

2.  Attached  at  inclosure  1  is  the  approved  TRADOC/DARCOM  Letter  of 
Agreement  for  a  Tactical  Bridge  Access/Egress  System.  The  following 
information  is  applicable  to  this  document: 

a.  System  Designation:  N/A 

b.  Materiel  Developer:  DARCOM 

c.  Combat  Developer:  USATRADOC 

d.  User  Representative:  USATRADOC 

e.  Trainer:  USATRADOC 

f.  Logistician:  USALEA 

g.  CARDS  Reference  Number:  0608A 

h.  Operational  Test  Responsibility:  USATRADOC 

i.  USATRADOC  Proponent  Activity:  USAES 

3.  DARCOM,  in  coordination  with  the  USATRADOC  proponent  activity, 
will  initiate  preparation  of  the  Outline  Development  Plan  (ODP) 

I  AW  AR  71-9. 


ATCO-MC  24  July  1979 

SUBJECT:  Letter  of  Aqreement  for  a  Tactical  Bridge  Access/Egress 
System,  USATRADOC  ACN  38653 

4.  Subject  requirement  document  is  forvarded  to  major  Army  commands 
other  services  and  DOD  agencies  for  harmonization  and  to  all  other 
addressees  for  information. 


Assistant  AG 


DISTRIBUTION: 

HQDA  (DACS-ZA) 

HQDA  (DAMO-RQR) 

HQDA  (DAMI-DOT-C) 

HQDA  ( CAEN-FEP ) 

HQDA  (DAPC-PKO) 

HQDA  (DAMA-PP) 

HQDA  (DALO-SSM-E) 

HQDA  (DAPE) 

HQDA  (QAAG ) 

HQDA  ( DASG-HCL ) 

HQDA  (DACA-CAM) 

USREDCCM  ( j 5 E ) 

USAREUR  S  Seventh  Army  (AEAGC-SE/AEAGC-FMD) 
Cdr 

US  Army  Western  Comd 
DARCOM  (DRCDE-DM) 

FCRSCOM 

Eighth  USA 

INSCCM 

USACAA 

USACC 

USACSC 

USA  Health  Svc  Comd  (HSC-LO) 

USACAC  (ATZLCA-COF) 

USA  Log  Cen  (ATCL-MS) 

USA  Admin  Cen  a  Ft  Ben  Harrison  (ATCP-OE) 
USA  CD  Exoer  Comd 
TCATA  (ATVjAS  ) 

USAAVNC  a  Ft  Rucker  (ATZQ-D) 

USAMPS/TC 
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ATCD.-MC  J 

SUBJECT:  Letter  of  Agreement  (LOA)  for  a  Tactical  Bridge  Access/Egress 
System,  USATRADOC  AC.N  38653 

DISTRIBUTION:  (Cont) 

USA  CA  CD  Actv 
USA  Log  Eva!  Agcy 
USA  Intel  Cen  &  Sch 
USAKMCS  (ATSK-CT) 

USAOCCS 

USARJ 

USASIGCEN&  FG 
Tng  Spt  Cen 
Comdt 

USAADS  (ATSA-CD) 

USAARMS  (ATZK-CD) 

USA  Chap  Cen  &  Sch 
USAES  (ATZA-CD) 

USAFAS  (ATSr-CTD) 

USA  IS  (ATZS-CD) 

USAQMS 

USATSCH  (ATSP-CTD) 

USA IMA 

USA  Institute  of  Admin 
TJAGSA 

Supt,  Academy  of  Health  Sciences,  USA  (AHS-CGM) 

Supt,  USMA 
Di  r 

MTMC  (MTT-TRG) 

TRADOC  LO: 

Eighth  USA 

USAREUR  &  Seventh  Army  (ATFE-LO-AE) 

OARCOM 

USAOTEA/CAA  (ATFE-LO-OT) 

ARRADCOM 

AVRADCOM  (ATFE-LO-AV) 

USREDCOM 

CORADCCM 

TECOM 

MERADCCM 

USMC  Oev  &  Educ  Comd 
USAF  Aero  Sys  Div  (XRL) 

Comdt  of  the  Marine  Corps  (RD) 

CNO  (OP-93) 

CSAF 

Cdr,  Natl  Scty  Agcy 

Cdr,  USA  Fgn  Science  &  Tech  Cen 


NEED. 


1 . 

Improved  enemy  response  time,  target  acquisition  capability, 
range,  and  accuracy  of  enemy  weapons  indicate  that  in  the  1980  time 
frame,  concentrations  of  troops  will  be  quickly  detected,  identified, 
located,  and  engaged.  It  is  therefore  essential  that  modern  gap  cross¬ 
ings  systems,  to  include  access  and  egress  routes,  are  capable  of  being 
emplaced  fast  enough  to  allow  mission  essential  traffic  to  cross  before 
countermeasures  are  effectively  applied.  With  the  advent  of  modern  and 
more  rapidly  emplaced  bridging,  the  need  to  gain  an  equivalent  capabil¬ 
ity  to  reach  the  gap  with  crossing  equipment  and  to  maintain  subsequent 
traffic  flow  has  become  essential.  Specific  conditions  that  must  be 
overcome  are  poor  soil  conditions  or  steep  slopes  at  the  near  bank  that 
limit  access  to  both  bridging  equipment  and  amphibians;  poor  soil  con¬ 
ditions  or  steep  slopes  at  the  exit  bank  that  prevent  tactical  assault 
vehicles  from  exiting  the  stream  at  the  most  tactically  advantageous  lo¬ 
cations;  and  poor  soil  conditions  at  points  of  congestion  and  heavy 
traffic  areas  such  as  bridge  approaches  and  assembly  areas  which  re¬ 
strict  or  halt  traffic  flow.  In  view  of  the  problem  areas  stated  above, 
a  Tactical  Access/Egress  System  should  be  ready  for  fielding  during 
FY  1984-1986. 

2.  OPERATIONAL  CONCEPT. 

a.  The  access/egress  system  will  be  employed  primarily  in  the  as¬ 
sault  and  follow-up  phases  of  tactical  river  crossing  operations.  Com¬ 
ponents  will  be  used  by  the  Divisional  Combat  Engineer  Company,  the  Engi¬ 
neer  Assault  Float  Bridge  Company  (Ribbon)  and  the  Engineer  Combat 
Company  (Corps)  in  the  main  battle  area  to  aid  crossing  of  swimming  and 
fording  vehicles;  to  enable  bridge  or  raft  transport  vehicles  to  reach 
launch  sites;  and  to  provide  trafficable  roadways  to  and  from  bridges  or 
raft  loading  points  for  assault  and  follow-up  forces.  The  system  concept 
supports  the  doctrine  described  in  FM  100-5  and  FM  90-13,  i.e.,  to  maxi¬ 
mize  the  speed,  surprise,  and  violence  of  the  attack,  broaden  the  choice 
of  crossing  sites,  and  enable  combat  support  elements  to  keep  pace  with 
maneuver  units.  The  need  for  a  rapid  means  of  overcoming  water  barriers 
for  which  access  and  egress  are  difficult,  has  been  an  item  of  interest 
to  the  Quadripartite  Working  Group  for  Bridging  and  Gap  Crossing 
(QWG/BGC)  since  September  1974.  ABCA  interest  in  the  Tactical  Bridge 
Access/Egress  System  has  been  ongoing  since  a  January  1978  QWG/Engineer- 
ing  meeting. 

b.  Mission  Profile  -  see  Annex  A. 

3.  SYSTEM  DESCRIPTION. 

a.  To  overcome  the  threat,  the  access/egress  system  will  use  new 
technology  or  modifications  and/or  adaptions  of  standard  surfacing  and 
soil  strengthening  materials  to  meet  the  following  goals: 

(1)  Assault  Vehicle  Egress  Role.  The  system  must  allow  swimming 
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and  fording  combat  vehicles  to  exit  streams  that  have  slopes  within 
their  normal  climbing  capabilities  (maximum  25%).  The  egress  points 
must  be  capable  of  withstanding  at  least  25  passes  by  vehicles  up  to  and 
including  Military  Load  Class  (MLC)  60.  The  system  will  enable  one  squad 
of  an  Engineer  Combat  Company,  using  current  organic  equipment,  to  sim¬ 
ultaneously  install  two  egress  points  five  meters  wide  and  15-20  meters 
long  within  15  minutes  after  arriving  at  the  exit  bank. 

(2)  Bridge  Equipment  Access  Role.  The  system  must  provide  access 
lanes  for  use  by  gap  crossing  equipment  to  reach  bridge  launch  sites. 

The  access  lanes  must  be  capable  of  withstanding  at  least  50  passes  by 
vehicles  up  to  and  including  MLC  25.  The  system  will  enable  10  people 
from  the  Engineer  Assault  Float  Bridge  Company  (Ribbon),  using  current 
organic  equipment,  to  install  single  lanes,  four  meters  wide,  at  the 
rate  of  100-125  meters  in  30  minutes. 

(3)  Bridge  Traffic  Access/Egress  Role.  The  system  must  provide 
roadways  capable  of  withstanding  2000-3000  vehicle  passes  (10%  rated  at 
MLC  60).  The  system  will  enable  one  platoon  of  the  Engineer  Combat  Com¬ 
pany  (Corps),  using  current  organic  equipment,  to  install  single,  four 
meter  lanes  at  the  rate  of  250-300  meters  in  45  minutes. 

b.  If  possible,  the  goal  of  the  Tactical  Bridge  Access/Egress 
System  is  to  develop  a  single  system  that  meets  all  three  bridging 
access/egress  roles. 

c.  The  access/egress  system  will  be  composed  of  a  combination  of 
soil  confinement  grids,  membranes,  and  surfacing  materials.  In  deter¬ 
mining  the  soil  confinement  grid,  materials  with  various  grid-size 
openings,  depths,  and  material  thicknesses  will  be  investigated.  Mem¬ 
branes  and  surfacing  materials  will  be  investigated  to  optimize  the  de¬ 
sign  required.  In  actual  field  employment,  the  soil  strength  at  the 
individual  site  will  be  the  determining  factor  as  to  whether  one,  a  com¬ 
bination  of  two,  or  all  three  of  the  above  materials  will  be  required  for 
the  access/egress  system. 

d.  The  tactical  bridge  access/egress  system  must  be  sufficiently 
mobile  to  accompany  the  force  supported  (compatible  with  that  of  the 
tactical  bridge  equipment  itself). 

e.  System  safety  criteria  as  required  by  Military  Standard  882  and 
AR  385-16  apply  to  this  system. 

f.  To  enhance  the  survivability  of  the  system  and  the  using  unit, 
the  material  must  present  a  minimum  visual  signature.  Desired  features 
include  camouflage  painting,  reduced  heat  retention,  reduced  radar 
reflectivity,  etc. 

g.  Nuclear  survivability  is  not  required  because  the  system  is  not 
critical  to  mission  accomplishment  in  a  nuclear  conflict. 
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h.  Chemica 1/bi ologi ca 1  protective  measures  will  be  considered  as 
applicable  to  any  hardware  items  developed  for  this  system.  To  facili¬ 
tate  chemical  agent  decontamination,  chemical  agent  resistant  materials 
will  be  used  to  the  maximum  extent  practicable  in  the  development  of 
this  item.  If  practical,  this  item  will  be  painted  with  chemical  agent 
resistant  paints  to  facilitate  chemical  agent  decontamination. 

i.  Protection  against  electronic  countermeasures  and  counter¬ 
measures  (ECM/ECCM)  does  not  apply  to  this  system. 

j.  The  system  may  be  palletized  or  banded  and  will  be  transportable 
to  and  within  the  theater  by  highway,  rail,  marine  and  air  transpor  .. 
Suitable  lifting  and  tie-down  devices  will  be  provided  as  required. 

4 .  PROSPECTIVE  OPERATIONAL  EFFECTIVENESS . 

The  proposed  system  is  expected  to  provide  significant  improve¬ 
ments  in  operational  effectiveness  of  the  bridge  unit  because  equipment 
will  be  able  to  gain  access  to  one  or  more  selected  crossing  sites  in 
minutes  instead  of  hours.  The  combat  engineers  will  be  able  to  build 
access  and  egress  roadways  at  both  ends  of  a  bridge  at  a  rate  of  approxi¬ 
mately  four  times  faster  than  currently  possible.  The  supported  tactical 
elements  will  realize  significant  improvements  when  mission  delays  caused 
by  water  barriers  are  minimized,  a  wider  choice  of  crossing  sites  are 
available,  and  swimming/ fording  vehicles  are  quickly  provided  several 
egress  points  along  the  exit  bank.  The  proposed  system  is  expected  to 
provide  significant  reductions  in  the  cost  of  time/ resources  in  prepar¬ 
ing  access/egress  routes,  since  it  will  be  emplaced  quickly  by  fewer 
people  without  the  use  of  heavy  earthmoving  equipment. 

5.  SYSTEM  DEVELOPMENT. 

a.  Operational  Employment  Plan.  Commander,  TRADOC  with  input  from 
DARCOM,  will  conduct  the  necessary  studies,  war  games  and  test  and  eval¬ 
uation  to  define  the  operational  concepts.  Additionally,  the  following 
critical  issue  will  be  addressed  in  OT  I: 

Can  the  training  requirements  be  met  with  the  training  concept? 

b.  Technical  Development  Plan.  The  technical  risk  for  this  develop¬ 
ment  is  estimated  to  be  medium.  Commander,  DARCOM,  will  conduct  those 
activities  prescribed  in  pertinent  command  and  materiel  acquisition 
regulations  and  insure  that  the  following  critical  issues  are  resolved 
before  or  during  DT  I: 

(1)  Determine  if  the  system  can  withstand  25  passes  by  vehicles  up 
to  MLC  60  at  exit  bank  egress  points  (Technical  risk:  Low). 

(2)  Determine  if  the  system  can  provide  traction  for  swimming/ 
fording  combat  vehicles  at  exit  bank  egress  points  with  slopes  up  to  25% 
(Technical  risk:  Medium). 


(3)  Determine  if  the  system  can  provide  access  to  bridge/raft  launch 
sites  capable  of  supporting  50  passes  by  vehicles  up  to  MIX  25  (Tech¬ 
nical  risk:  Low) . 

(4)  Determine  if,  with  minimal  maintenance,  the  system  can  provide 
bridge  access/egress  routes  that  can  withstand  2000-3000  passes  by  divi¬ 
sion/corps  vehicles  -  10%  MLC  60  (Technical  risk:  Medium). 

(5)  Determine  if  the  system  can  be  installed  in  the  required  time 
during  daylight  and  dark  using  only  the  equipment  organic  to  the  units 
identified  in  paragraph  3a  (Technical  risk:  Medium). 

(6)  Determine  if  the  success  of  the  system  is  site  independent 
(Technical  risk:  Medium). 

(7)  Determine  if  the  system's  individual  components  are  effective 
for  certain  areas  when  used  separately  (Technical  risk:  Low). 

(8)  Determine  if  the  system  is  overly  dependent  on  any  one  of  the 
individual  components  (Technical  risk:  Low). 

(9)  Determine  if  any  excessive  personnel  hazards  or  equipment  haz¬ 
ards  are  produced  by  installation,  use,  or  retrieval  of  the  system 
(Technical  risk:  Low). 

(10)  Determine  if  the  system  can  be  transported  with  vehicles  or¬ 
ganic  to  the  units  named  in  paragraph  3a  (1)— (3),  as  well  as  general 
purpose  cargo  carrying  vehicles  (Technical  risk:  Low). 

c.  Logistical  Support  Plan.  Commander,  DARCOM,  with  input  as  re¬ 
quired  from  TRADOC  and  LEA,  will  conduct  those  activities  prescribed  in 
pertinent  command  and  materiel  acquisition  regulations  to  develop  the 
logistic  support  plan.  In  addition,  the  materiel  developer  will  perform 
such  studies  and  tests  as  are  necessary  to  insure  that  the  following 
criteria  are  met: 

(1)  The  weight  and  cubic  volume  of  the  system  will  not  present  an 
unacceptable  logistics  burden  to  either  the  using  units  or  the  combat 
service  support  system. 

(2)  The  system  components  should  be  reusable  to  the  maximum  extent 
possible.  This  reusability  must  not  degrade  the  system's  employment, 
structural  capabilities,  nor  require  ail  inordinate  amount  of  maintenance 
effort . 


(3)  The  Logistical  Support  Plan  will  be  available  for  evaluation  at 


0T  I  . 


(4)  Develop  RAM  requirements  to  include  operational  mode,  summary 
and  mission  profile,  reliability  and  maintainability  parameters. 
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d.  Training  Support  Concept.  The  DARCOM  materiel  developer,  in  co¬ 
ordination  with  the  TRADOC  proponent,  will  develop  a  training  support 
package  to  support  the  Tactical  Bridging  Access/Egress  System. 

(1)  The  materiel  developer,  in  coordination  with  the  TRADOC  propon¬ 
ent,  will  develop  a  detailed  training  subsystem  capable  of  providing  a 
complete  transfer  of  knowledge  from  the  developer  to  the  system  user  and 
maintainer.  This  training  subsystem  will  be  based  upon  a  precisely  de¬ 
fined  set  of  performance  requirements  obtained  through  analysis  or  col¬ 
lection  of  logistic  support  analysis  (LSA)  data  generated  IAW  DARCOM 

Pam  750-16  or  MIL-M-63035,  as  appropriate.  Based  on  the  results  of  this 
analysis  DARCOM/TRADOC  will  jointly  agree  upon  a  detailed  task  list 
covering  all  operator  and  maintenance  difficult  to  train  tasks  for  the 
system.  The  identification  of  and  agreement  of  these  tasks  will  be  a 
formal,  identifiable  milestone  in  the  validation  phase  of  development. 
Tasks  so  identified  will  be  incorporated  into  a  signed  agreement  and  into 
the  system  outline  acquisition  plan. 

(2)  TRADOC  will  describe  the  user  population  to  the  materiel  devel¬ 
oper  and  assist  the  materiel  developer  in  identifying  any  unusual  train¬ 
ing  requirements  inherent  in  the  intended  user  population. 

(3)  The  DARCOM  materiel  developer  will  develop  a  synoptic  outline 
of  each  TM  to  be  produced,  and  preliminary  draft  documentation  and  story¬ 
board  training  materials  for  high  risk  tasks  IAW  approved  Skill  Perfor¬ 
mance  Aid  (SPAS)  specifications.  Deliverable  products  for  DT/OT  I  will 
be  determined  between  DARCOM  and  TRADOC  on  a  case-by-case  basis.  The 
draft  documentation  and  training  produced  as  a  result  of  this  determina¬ 
tion  will  be  used  to  train  operator/crew  and  maintenance  personnel  repre¬ 
sentative  of  the  user  population  for  0T  I.  The  Training  Support  Plant 
will  be  available  for  evaluation  at  OT  I. 

(4)  The  need  for  training  requirements  and  materials,  such  as  class¬ 
room  trainers  or  collective  trainers,  which  are  not  identified  as  a  re¬ 
sult  of  the  SPA  work  effort,  will  be  investigated.  The  necessary 
TRADOC/DARCOM  responsibilities  and  resources  to  develop  these  training 
materials  will  be  established  and  requirements  will  be  included  in  the 

ROC  or  separate  requirement  documents,  as  appropriate. 

(5)  TRADOC  will  develop  an  Outline  Individual  and  Collective  Train¬ 
ing  Plan  (OICTP),  outlining  the  initial  system  training  concept  and 
strategy  and  as  much  of  the  individual  and  collective  unit  and  institu¬ 
tional  training  requirements  as  known. 

(6)  The  capability  of  the  player  personnel,  trained  with  the  draft 
documentation  and  storyboard  training  materials,  to  perform  the  high 
risk  tasks  to  the  required  standards  in  the  field  phase  of  OT  I  will  be 
made  a  critical  test  issue. 

e.  Personnel  Support  Plan.  The  materiel  developer  will  minimize 
the  number  of  tasks  required  by  the  operator  and  develop  personnel 
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requirements  estimates  prior  to  DT/OT  I  to  determine  operational,  sup- 
port,  and  training  projections.  Particular  attention  will  be  given  to 
simplicity,  human  factors  engineering,  and  reliability  of  automatic  fea 
tures  to  minimize  support  costs,  operator  spaces,  and  mission  response 
time . 
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ANNEX  A 


Mission  Profile 


THREAT : 


Tactical  Bridge  Access/Egress  System 


WEAPONS  POSING  THREAT  TO  SYSTEM 


DIV  REAR  AREA 


CORPS  REAR  AREA 


Small  Arms  X  X 

Artillery  XXX  X 

Tanks  X  X 

ATGM  X  X 

TAG  Air  X  X  X  X 

Mines  XXX  X 

BATTLE  CONDITIONS:  The  Tactical  Bridge  Access/Egress  System  will  be 
employed  in  the  combat  zone  under  conditions  of  low,  mid,  or  high 
intensity  conflicts. 

GEORGRAPHIC  AREA  OF  OPERATIONS:  The  primary  area  of  operation  for  the 
foreseeable  future  is  comparable  to  Western  Europe.  However,  this  sys- 
stem  will  be  operated  in  climatic  categories  1  through  6  under  realistic 
battlefield  conditions  and  adverse  weather  conditions. 

MISSION:  To  provide  t ra f f i cabi 1 i ty  for  wheeled  and  tracked  vehicles 

over  soils  and  slopes  normally  impassable  and  to  assist  those  vehicles  in 
access/egress  from  river  crossing  sites.  The  system  will  consist  of  soil 
and  bank  reinforcement  capable  of  being  installed  using  personnel  and 
equipment  organic  to  engineer  units. 

a.  Type  Operations  Undertaken: 


Type  Operat ion 

Swim/Ford  Vehicle 
Access/Egress 

Move  Brg/Raft  to 
Site 

Sustained  Traffic 


Rate  of 
Employment 

8  sites  in 
1  /  A  hr 

200  m/hr 


400  m/hr 


Manpower 


4  squads 


10  men 


1  platoon 


Vehicle 

Passes 


Vehicle 

Capacity 

CL  60 


CL  25 


CL  60  (10%) 
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b.  Mission  Requirements  per  Division: 


/  sy  *  f 


Swim/Ford 

Move  Brg/Raft  to  Site 
Sustained  Traffic 


Average  Length 
of  Lane/Mi ss ion 

15m 
120  m 
150  m 


c.  Site  conditions  to  be  overcome  are  those  found  adjacent  to  and 
in  waterways  found  in  Western  Europe  during  all  seasonal  variations. 

d.  Estimated  Percent  of  Time  Employed  in  Each  Area: 


D1V  REAR  AREA 


CORPS  REAR  AREA 


r.  -f . /. 


MOBILITY :  System  can  be  transported  on  vehicle  types  presently  organic 

to  Combat  Engineer  Companies  and  Float  Bridge  Companies  with  no  unaccept¬ 
able  degradation  of  the  present  mobility  of  those  units. 

OPERATIONAL  ENVIRONMENT:  80%  of  employments  will  be  at  night  in  blackout 
conditions . 

COUNTERMEASURES :  Direct  observation,  sensors. 
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MEMORANDUM  FOR  RECORD 


SUBJECT:  Traffic  Tests  on  M19  and  MflAl  Landing  Mats  for  Tactical  Bridge 
Access/Egress  Applications 


1.  During  December  1977,  accelerated  traffic  tests  were  conducted  at  the 
WES  on  Ml 9  and  M8A1  landing  mats  for  the  purpose  of  determining  how  these 
current  inventory  items  could  best  be  utilized  for  bridge  access./egress 
applications.  The  M19  and  M8A1  mats  are  depot  stocked  items  which  weigh 
4.3  and  7.5  lb  per  sq  ft,  respectively.  The  M19  mat  is  a  sandwich-type 
structure  containing  an  aluminum  honeycomb  core  bonded  top  and  bottom  to 
aluminum  skins  (incl  l).  The  individual  panels,  1.5  in.  thick,  50-1/4  in. 
long,  and  49-1/2  in.  wide,  weigh  approximately  71  lb.  The  M8A1  rolled 
steel  mat  is  fabricated  from  0.125-in. -thick  sheet  material  (Incl  2). 
Nominal  dimensions  of  the  M8A1  mat  are  1  ft  7-1/2  in.  wide  by  11  ft 
11-1/4  in.  long,  with  an  overall  panel  thickness  of  1.125  in.  The  weight 
of  this  mat  is  144  lb  per  panel. 

2.  The  test  section  was  located  under  a  hangar-type  structure  to  provide 
protection  from  the  elements.  The  test  section  was  excavated  to  a  depth 
of  24  in.  below  grade  and  backfilled  with  a  heavy  clay.  The  test  section 
covered  an  area  J4  ft  long  and  12  ft  wide,  and  consisted  of  items  1  and 

2  as  shown  on  Incl  3.  An  approach  area  was  provided  at  each  end  of  the 
test  section  to  provide  a  maneuver  area  for  the  test  vehicle  during  the 
application  of  traffic.  The  in-place  CBR  of  the  test  section  prior  to 
traffic  had  an  average  of  0.5  for  the  top  12  in.  Soil  data  are  summa¬ 
rized  on  Incl  4.  The  test  section  prior  to  placement  of  mat  is  shown 
on  Incl  5.  The  Ml 9  and  M0A1  mats  were  laid  on  the  test  section  (incls  6 
and  7)  and  connected  with  an  H-connector  at  their  juncture  (incl  7). 

The  Ml 9  panels  were  placed  in  a  normal  brickwork  pattern  with  the  male- 
female  joints  parallel  to  the  direction  of  vehicular  traffic  and  con¬ 
tinuous  along  the  test  item  length  (incl  3).  The  M8A1  panels  were  placed 
in  a  pattern  such  that  adjacent  sides  were  joined  by  connectors  consisting 
of  bayonets  and  slots  (incl  3). 

3.  Traffic  tests  were  conducted  with  a  5-ton  military  cargo  truck  and 
a  M48A1  combat  tank,  "’he  M54  cargo  truck  (Incl  8)  was  loaded  with  a 
20,000-lb  payload  (gross  weight,  40,000  lb)  and  the  11x20,  12-ply  tires 
were  inflated  to  70  nsi .  These  conditions  represented  the  highway 
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SUBJECT: 


n  April  i 

Traffic  Tests  on  Ml 9  and  M8A1  Landing  Mats  for  Tactical  Bridge 
Access/E, cress  Applications 

loading  for  the  truck.  The  Ml<8Al  tank  (Tncl  •))  was  loaded  with  8000  lb 
(approximate  gross  weight,  106,000  lh).  Traffic  was  applied  in  a 
channelised  pattern  similar  to  that  which  would  be  encountered  in  actual 
road  conditions.  Trafficking  of  the  test  section  was  scheduled  for 
2700  passes  of  the  M51*  truck  followed  with  300  passes  of  the  IlUSAl  tank. 

it.  A  view  of  the  overall  test  section  prior  to  traffic  is  shown  on 
Ir.cl  10  and  a  view  of  items  1  and  2  are  shown  on  Incls  11  and  12,  respec¬ 
tively.  As  the  M5‘*  truck  moved  across  the  test  items,  bow  waves  were 
very  evident  on  item  2  (MftAl  mat);  however,  very  little  movement  was 
noticed  on  item  1  (Mir»  mat).  After  32  passes,  the  bow  wave  action  on 
item  2  had  caused  some  subgrade  material  to  be  fo: ced  from  beneath  the 
mat  up  through  the  joints  and  to  the  sides  of  the  test  section  as  the 
panels  were  being  pushed  into  the  subgrade  by  the  truck.  The  maximum 
subgrade  elevations  along  the  edges  of  items  1  and  2  were  approximately 
1/2  and  6  in.,  respectively,  higher  than  the  adjacent  mat  surfaces.  As 
traffic  was  continued,  the  M8A1  mat  progressively  sank  and  subgrade 
material  continued  to  be  pumped  up  through  the  joints  and  out  along  edges 
of  the  section.  Inclosure  13  shows  the  condition  that  existed  on  item  2 
after  JO  truck  passes.  The  maximum  distance  from  the  top  of  the  subgrade 
adjacent  to  the  mat  edges  and  the  mat  surface  on  item  2  was  20  in.  (incl  ll). 
The  subgrade  along  the  edges  of  item  1  after  JO  passes  was  approximately 
3 A  in.  higher  than  the  adjacent  mat  surface.  A  view  of  item  1  after 
70  passes  of  the  truck  is  shown  on  Incl  15. 

5.  After  150  passes,  the  truck  rear  wheels  began  to  slip  at  the  transi¬ 

tion,  where  item  2  had  been  forced  approximately  12  in.  lower  than  item  1, 

As  the  vehicle  was  backing  from  item  2  onto  item  1,  the  truck  slid  off  the 
M8A1  mat  into  the  subgrade  (Tncl  l6).  Although  the  M8A1  mat  was  not 
damaged,  item  2  was  considered  failed  due  to  the  uneven  surface  of  the 
mat  which  would  hinder  the  maneuverability  of  a  vehicle.  Inclosure  17 

shows  the  36-in. -deep  depression  which  formed  as  the  M5*t  truck  slid  off 

item  2.  The  maximum  change  in  both  cross-section  (incl  18)  and  profile 
(Incls  19  and  20)  measurements  from  the  beginning  to  150  passes  of  the 
truck  on  item  2  was  17.6  and  l6.6  in.,  respectively.  Profile  and  cross- 
section  measurements  on  item  1  are  shown  on  Incls  19-21.  The  M10  mat 
(item  l)  remained  undamaged  after  150  passes  of  truck  traffic  (incl  22). 

6.  At  the  completion  of  150  passes,  traffic  was  discontinued  on  the 

item  2  matting  (M8A1).  Traffic  was  then  continued  with  the  truck  on  the 
Ml 9  mat.  After  the  completion  of  2700  truck  passes,  no  visible  damage 

had  occurred  to  the  M19  mat  (incl  23).  The  subgrade  elevation  along  the 

edges  of  item  1  measured  up  to  U  in.  higher  than  the  adjacent  mat  surface 

(Incl  2k).  The  maximum  change  in  both  cross-section  (incl  25)  and 
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profile  (incl  26}  measurements  from  the  beginning  to  2700  truck  passer, 
was  1.7  in. 

7.  To  evaluate  the  effects  of  tank  traffic  on  the  mat,  the  MltS.Al  tank 
was  used  to  traffic  the  test  section  at  the  ccnpiotion  of  the  truck  tests. 
After  2  passes  of  the  M A 8 A 1  tank,  the  outer  edges  of  Ml 9  mat  were  pushed 
down  into  the  subgrade  approximately  6  in.  As  the  tank  was  removed  from 
the  test  area,  the  outside  edges  of  the  mat  sprang  upward  3  in.  and  were 
suspended  by  the  continuous  male-female  joint  running  parallel  to  the 
direction  of  traffic.  The  maximum  distance  from  the  top  of  the  extruded 
subgrade  to  the  top  mat  surface  was  7  in.  and  occurred  adjacent  to  the 
west  edge  of  the  test  section  (incl  27).  The  two  outside  runs  of  mat 
were  compressed  further  into  the  subgrade  on  each  successive  pass  of  the 
tank.  This  continuous  stress  on  the  top  lip  of  the  male  connector 
eventually  caused  the  connector  to  break  for  a  total  of  20  continuous  ft 
or  6" panels  after  56  passes  of  the  tank,  and  the  bottom  of  the  tank 
began  dragging  on  the  mat  surface.  A  view  of  item  1  at  the  conclusion 

of  traffic  is  shown  on  Incl  28.  The  subgrade  elevation  adjacent  to  the 
mat  edges  measured  approximately  20  in.  higher  than  the  mat  surface 
(incl  29).  The  maximum  change  in  cross-section  (incl  25)  measurements 
from  2700  truck  passes  to  2756  total  passes  was  7.8  in.  and  occurred 
along  the  west  edge  of  the  test  section.  The  maximum  change  in  the 
profile  measurements  due  to  tank  traffic  taken  parallel  to  traffic  and 
in  the  traffic  line  west  of  the  center  line  (incl  26)  was  approximately 
h  in. 

8.  Results  of  this  investigation  indicated  that: 

a.  The  M8A1  mat  will  sustain  150  passes  of  a  M5^  truck  loaded  with 
a  gross  weight  of  1*0,000  lb  when  placed  on  a  clay  subgrade  with  a  ORR 
of  0.5.  The  M8A1  mat  was  not  damaged;  however,  the  uneven  surface  of 
the  mat  which  existed  after  150  passes  was  considered  a  hindrance  to 
vehicle  maneuverability. 

b.  The  Ml 9  mat  will  sustain  2700  passes  of  a  M5**  truck  loaded  with 
a  gross  weight  of  1*0,000  lb  and  an  additional  56  passes  of  a  MA8A1  tank 
loaded  with  a  gross  weight  of  106,000  lb  when  placed  on  a  clay  subgrade 
with  a  CBR  of  0.5. 

9.  It  is  recommended  that  further  traffic  tests  on  M8A1  and  Ml 9  mats 

be  conducted  on  a  1  to  2  ORR  subgrade.  The  future  testing  program  should 
include  trafficking  tests  on  the  nOAl  mat  both  with  and  without  mat 
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MEMORANDUM  FOR  RECORD- -EVALUATION  OF  M8A1 
MAT  FOR  BRIDGE  ACCESS/EGRESS  SURFACING 


i 


DEPARTMENT  OP  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P  O  BOX  631 

VICKSBURG.  MISSISSIPPI  33180 

RtFEH  to  WESES  16  May  197  ^ 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Evaluation  of  M8A1  Mat  for  Bridge  Access/Egress  Surfacing 


1.  During  the  period  January-February  1978,  traffic  tests  were  conducted 
at  the  Waterways  Experiment  Station  on  MSaI  mats  for  the  purpose  of 
determining  how  this  inventory  item  could  best  be  utilized  for  bridge 
access/egress  applications.  The  M8A1  steel  landing  mat  panel  (incl  l)  is 
approximately  12  ft  long  by  19  in.  wide  and  1  in.  thick  and  weighs  144  lb 
or  7.5  lb/sq  ft.  The  panels  were  fabricated  from  FS-1015  or  -1020  (same 
as  current  AISI,  C-1015,  and  C-1020)  steel  having  a  minimum  yield  strength 
of  33,000  psi  conforming  to  Federal  Specification  QQ-o~006U0.  The  1/8-in. - 
thick  material  is  formed  into  ribbed  panels  by  a  steel  rolling  mill.  Durir. 
placement,  the  panels  are  hooked  together  along  the  sides  (12-ft  length) 

by  inserting  the  connector  hooks  into  the  connector  slots  while  holding 
the  panels  at  35  to  40  degrees  to  each  other.  After  engagement,  the  panel 
is  slid  approximately  1  in.  to  align  the  locking  lugs  with  the  correspondin 
slots  and  dropped  into  position.  The  locking  lugs  when  engaged  in  the 
locking  lug  slots  prevent  lateral  slippage  of  the  panels. 

2.  The  test  section,  which  was  52  ft  long  and  15  ft  wide  with  the  subgrade 
processed  to  a  depth  of  2h  in.  (incl  2),  was  located  under  a  hangar-type 
structure  to  provide  protection  from  the  elements.  The  subgrade  material 
was  a  heavy  clay  (buckshot),  processed  (incl  3)  to  a  controlled  water  con¬ 
tent,  and  placed  in  the  section  in  two  lifts  by  dump  truck  (Incl  It).  The 
bottom  and  sides  of  the  subgrade  were  lined  with  polyethylene  sheeting  to 
prevent  the  material  from  drying  out.  The  subgrade  was  spread  with  a 

D^t  Caterpillar  and  compacted  with  a  Roy  Go  Vibrator  Romper  (Incl  5).  An 
approach  area  was  provided  at  each  end  of  the  test  section  to  provide  a 
maneuver  area  for  the  test  vehicles  in  the  application  of  traffic.  A 
summary  of  the  soil  data  is  presented  on  Incl  6. 

3.  The  test  section  was  divided  into  three  items  (incl  2)  to  test  three 
placement  patterns.  In  all  items  the  panels  were  placed  as  previously 
described.  In  addition,  items  ?  and  3  were  placed  on  MSAI  runners  spaced 
10  ft  apart  from  center  to  center  (Incl  7).  In  item  3,  the  runners  and 
panels  were  welded  at  four  places  on  each  run  of  mat  with  each  weld  approxi 
mately  2-1/2  in.  long  (incl  8).  Ho  welds  were  used  in  item  2,  but  the 
panels  were  in  contact  with  the  runners.  All  items  were  generally  smooth 
with  a  transverse  slope  from  east  to  west.  A  general  view  of  the  section 
prior  to  traffic  is  shown  on  Incl  9- 
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SUBJECT:  Evaluation  of  M8A1  Mat  for  Bridge  Aecess/Egress  Surfacing 

U.  In-place  subgracie  densities,  water  content,  and  CBR's  of  the  soil  were 
measured  before,  during,  and  after  traffic  tests  and  are  given  on  Incl  6. 
These  measurements  were  made  at  the  surface  of  the  subgrade  and  at  depths 
of  6  and  12  in.,  with  a  minimum  of  three  values  at  each  depth.  Elevation 
measurements  of  the  mat  surface  (transverse  and  longitudinal)  were 
recorded  before,  during,  and  after  traffic  to  determine  permanent  deforma¬ 
tion  of  the  test  section  and  to  reveal  the  development  of  roughness.  These 
readings  are  shown  on  Inels  10-15.  Visual  observations  of  the  mat,  subgrade 
behavior,  and  other  relevant  factors  were  recorded  throughout  the  period 
of  traffic  and  were  supplemented  by  photographs. 

5.  Mixed  traffic  was  applied  with  two  military  vehicles.  The  5-ton,  M5^ 
cargo  truck  (incl  l6)  had  a  gross  load  of  U0,000  lb  distributed  on  10, 

11  x  20,  12-ply  tires  inflated  to  70  psi.  This  vehicle  was  used  in  apply¬ 
ing  2700  vehicle  passes.  The  MU8A1  combat  tank  (incl  17)  with  a  gross 
load  of  106,000  lb  was  used  to  apply  300  passes  for  a  grand  total  of  3000 
mixed  passes.  The  sequence  of  traffic  was  truck  0  to  1800  passes,  tank 
l801  to  2000  passes,  truck  2001  to  2^50  passes,  tank  2^51  to  2500  passes, 
truck  2501  to  2950  passes,  and  tank  2951  to  3000  passes. 

6.  Item  1  traffic  test  (M8A1  mat — no  runners).  Prior  to  traffic,  the  mat 
surface  was  generally  smooth  (incl  18)  but  contained  a  transverse  slope 
from  east  to  west  of  approximately  U  in.  (incl  10).  The  CBR  of  the  subgrade 
before  trrffic  was  1.2  (Incl  6),  and  the  loaded  M5U  truck  caused  the  mats 

to  rock  (undulate )  and  seat  into  the  soil  on  the  initial  passes.  The  panels 
were  forced  down  by  traffic  and/or  the  subgrade  was  being  forced  to  the 
edges  of  the  mat.  Some  soil  was  being  extruded  up  onto  the  mat  surface 
through  the  connector  and  locking  lug  slots.  After  200  passes,  the  mat 
surface  was  from  1  to  2  in.  lower  (inels  10  and  13)  than  at  the  beginning 
of  traffic.  The  subgrade  on  the  east  edge  was  over  3  in.  higher  than 
the  adjacent  mat  surface  (incl  19).  However,  there  were  no  breaks  nor 
unusual  wear  noted  in  the  mats. 

7.  The  item  remained  in  good  condition  and  performed  satisfactorily  as 
traffic  continued.  At  1000  passes,  the  subgrade  on  the  west  edge  was 

6  in.  higher  than  the  adjacent  mat  surface  (incl  20)  even  though  the  mat 
had  sprung  (rebounded)  up  to  2  in.  off  of  the  underlying  subgrade.  After 
l800  passes,  tlie  subgrade  on  the  west  edge  was  approximately  12  in.  higher 
than  the  adjacent  mat  surface  (incl  21),  and  the  mat  was  above  the  under¬ 
lying  subgrade  2  in.  The  panels  were  deformed  somewhat,  and  measurements 
(Incl  22)  indicated  a  maximum  change  from  a  12-ft  straightedge  to  be 
3/1*  in.  in  item  1.  The  cross  sections  and  profile  data  (inels  10  and  13) 
showed  that  the  mat  surface  generally  changed  uniformly  between  200  and 
1800  passes. 
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16  May  1978 

Evaluation  of  McAl  Mat  for  Bridge  Access/Egress  Surfacing 

8.  The  M46A1  tank  tracked  the  section  for  the  next  200  passes  (1801  to 
2000  total).  The  overall  track  width  of  143  in.  almost  matched  the  panel 
width  of  144  in. ,  ar.d  the  slight  maneuvering  required  in  guiding  the  tank 
caused  portions  of  the  tracks  to  wander  off  of  the  mat  edges  part  of  the 
time.  The  tank  forced  the  ends  of  the  mats  into  the  subgrade,  but  the  mat 
ends  would  spring  back  after  the  tank  moved  off.  After  1830  passes,  the 
mat  ends  were  4  in.  higher  than  the  underlying  subgrade;  and  after  2000 
passes,  they  were  5  in.  higher.  A  general  view  of  the  item  after  2000 
passes  is  shown  on  Incl  23.  Cross  sections  and  profile  curves  (incls  10 
and  13)  show  very  little  change  in  the  mat  surface  caused  by  the  200 
passes  of  the  tank.  Soils  data  (incl  6)  taken  in  the  east  wheel  path 
indicate  an  increased  strength  of  0.2  CBR.  After  2450  passes,  the  truck 
traffic  caused  the  mat's  edge  (east)  to  be  off  of  the  subgrade  only 
2-1/2  in.;  but  after  the  next  50  passes  of  the  tank,  the  mats  were  off 

of  the  subgrade  over  4  in.  After  3000  passes,  the  panels  were  still  in 
good  condition,  but  some  permanent  set  was  noted  (Incl  22).  Cross  section 
and  profile  curves  (Incls  10  and  13)  indicate  the  mat  surface  has  changed 
an  average  of  approximately  4  in.  during  the  tests.  The  item  after  3000 
passes  is  shown  on  Incl  24. 

9.  When  the  panels  were  removed,  three  panels  had  the  end  (east)  connector 
hook  broken  off  at  the  base,  and  five  other  panels  had  a  crack  at  the  same 
connector  hook.  Three  other  cracks  were  noted  at  the  connector  hook  on 
the  panels.  The  cracks  were  less  than  1/2  in.  long.  The  panels  were 
reconnected  by  four  men  in  the  same  position  as  previously  connected,  and 
it  required  22  minutes  to  connect  five  panels. 

10.  Item  2  traffic  test  (M8A1  mat — runners,  no  welds).  Pric:  to  traffic, 
tne  mats  had  a  transverse  slope  (Incl  ll)  from  east  to  west,  but  the  sur¬ 
face  was  generally  smooth  (incl  14 ) .  A  general  view  of  the  item  is  shown 
on  Incl  25  at  zero  passes.  The  load  wheels  of  the  truck  were  97  in.  from 
outside  to  outside,  and  they  ran  just  inside  the  runners  which  were  approx¬ 
imately  100  in.  apart  (inside  edge  to  inside  edge),  and  this  caused  the 
mats  to  become  permanently  set  with  traffic  which  was  noted  at  20  to  30 
passes  and  had  increased  to  1-1/2  in.  as  shown  on  Incl  22  after  1800  passes. 
No  breaks  or  damage  were  noted  at  this  time.  The  mats  were  seated  an 
average  of  approximav ely  1  in.  during  the  first  200  passes  and  increased 
only  slightly  up  to  1800  passes  (Incls  11  and  l4).  Inclosure  22  shows 

the  panels  were  uniformly  dished  1-1/2  in.  A  closeup  of  the  item  is  shown 
on  Incl  26  after  1800  passes. 

11.  The  tank  traffic  embedded  the  runners  further  into  the  subgrade  from 
1800  to  2000  passes,  but  the  mats  sprung  back  off  of  the  runners  I  in. 
after  1850  passes  and  were  up  2  in.  after  2000  passes  (Incl  27).  The  200 
passes  of  the  tank  caused  very  little  change  in  the  mat  surface  as  revealed 
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by  the  level  readings  (incls  11  and  1';},  The  panels  w- re  dished  less 
after  the  tank  traffic  than  at  1800  tru si;  parse.;  us  shewn  by  panel  lit  on 
Incl  22.  The  average  CBR  after  2C00  pucsec  taken  in  the  east  wheel  path 
under  panel  15  was  1.1  (incl  6). 


12.  The  mat  surface  elevation  changed  an  average  of  approximately 

1/2  in.  (incls  11  and  ll)  between  2003  and  3000  passes,  and  the  dishing 
measurement  had  reduced  slightly  (incl  22).  The  mats  were  still  2  in. 
off  of  the  runners.  Inclosure  23  shows  the  item  at  the  end  of  traffic. 

13.  When  the  panels  were  removed,  two  1/1-in.  breaks  were  discovered  at 
the  base  of  connector  hooks.  The  mats  were  in  good  condition  and  in  a 
trial  relay  were  relaid  without  any  unusual  difficulties. 

ll.  Item  3  traffic  test  (m3A1  mat — welded  runners).  The  mat  surface  in 
item  3  was  generally  smooth  at  the  beginning  of  traffic  with  a  transverse 


slope  from  ea 

st  to  west  (Incls  12 

and  15).  An  overall  view 

of 

the 

item 

prior  to  traf 

f i c  is 

shown  on  Incl 

29.  Approximately  70  per: 

■ent 

of 

total 

mat  embedment 

during 

the  test  was 

produced  during  the  first 

200 

pas 

ses  of 

truck  traffic 

( Incls 

12  and  15). 

15.  There  war.  less  movement  of  panels  caused  by  traffic  in  item  3  than 
in  the  other  items.  The  truck  lead  wheels  ran  inside  the  runners  and 
caused  the  panels  to  dish  during  the  first  ] goo  parse:;  of  traffic  a  maxi¬ 
mum  of  1-3/1  in.  as  shown  on  Incl  22.  The  tank  traffic  was  then  applied 
along  the  panel  edges,  embedding  the  runners ,  eliminating  some  of  the  dish¬ 
ing  (1-3/1  in.  after  lSOO  passes  versus  1  in.  after  2C0(;  passes ) ,  and  caused 
the  runners  to  rebound  above  the  subgrade  app r :ximately  2  in. 

lb.  After  30GC  passes,  the  runners  were  still  above  the  underlying  sub- 
grade,  and  the  -dishing  was  less  than  a'  either  1800  or  2000  passes  (Incl  22). 
The  item  is  shown  at  the  end  of  traffic  in  Incl  30. 

17.  After  the  panels  were  removed,  a  visual  inspection  of  panels  revealed 
that  two  panels  had  one  weld  each  that  ire:  broken.  The  panel  welds  were 
cut  with,  a  torch,  for  removal;  and  exempt  l'cr  torch  damage,  the  panels 
were  in  good  oor.ui  ti  --n  for  reuse.  The  soil  data  (incl  6)  show  that  the 
subgr-tie  strength  hud  only  increuue  1  from  1...  t  .  1.1  Chi?  during  M.e  tor¬ 
por  iod. 

lb.  Results  el’  this  investigation  imii  euted  tint  : 

a.  All  of  the  ter'  items  sustained  30  passes  of  nixed  *  ru-'k  and 
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runnel's)  embodied  info  the  subgrado  (surface  ele- 
item  2  (Incls  12  and  19  versus  Incl  11  and  it), 
than  item  1  (  Incls  11  anil  it  versus  Incls  10  and 


13). 


c.  From  visual  observations,  there  was  more  mat  movement  in  item  1 
under  traffic  than  in  the  other  two  items,  and  item  3  had  the  least  mat 
movement . 


d.  It  was  considered  feasible  to  reuse  the  panels  from  item  2  an:  3 
but  somewhat  doubtful  that  the  pan“ls  in  item  1  were  suitable  for  reuse 
because  of  the  time  and  effort  that  would  be  required  to  reconnect  the 
panels . 


e.  Item  3  panels  had  some  holes  which  were  made  by  the  cutting  torch 
when  the  welds  were  cut  for  panel  removal  but  otherwise  were  in  good 
condition. 


19  Based  on  results  of  these  tests,  it  is  concluded  that  M8A1  mat  without 
runners  will  support  the  required  traffic.  Additional  tests  of  M5A1  mat 
without  runners  will  be  conducted  with  membrane  underlay  to  determine 
membrane  performance  in  preventing  extrusion  of  soft  subgrade  material 
through  mat  joints. 


G  L.  Carr 

o.vil  Engineering  Technician 
Landing  Mat  Branch 
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SUMMARY  OF  CBR,  WATER  CONTENT,  AND  DENSITY  DATA 


Number 

Water 

Dry 

of 

Depth 

Content 

Density 

Rated 

Passes 

Location 

in. 

of 

/0 

pcf 

CBR 

CBR 

0 

Panel  17 

0 

3b.  0 

82.1 

1.3 

0 

6 

33.7 

82.7 

1.1 

12 

33.5 

80.5 

1  . 1 

Avg 

33.7 

81.8 

1.2 

2000 

Panel  15 

0 

33.8 

82.5 

1.5 

East 

6 

3*+.  3 

81.5 

l.t 

12 

3i*.U 

8l.O 

1.3 

Avg 

3*t.l 

81.7 

1.1+ 

3000 

Panel  8 

0 

33.9 

81.8 

1.1+ 

East 

6 

3U.1 

81.6 

1.1+ 

12 

33.8 

81.5 

1.3 

Avg 

33.9 

81.6 

1.4 

1.3 


Incl  6 


Summary  of  soil  data 
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APPENDIX  D 


MEMORANDUM  FOR  RECORD- -TRAFFIC  TESTS  ON  Ml 9 
LANDING  MAT  FOR  TACTICAL  BRIDGE  ACCESS/ 
EGRESS  APPLICATIONS 


DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P.  O.  BOX  631 

VICKSBURG.  MISSISSIPPI  39180 

'»  WESSS  5  July  1973 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Traffic  Tests  on  M19  Landing  Mat  for  Tactical  Bridge  Access/Egress 
Applications 


1.  During  March  1978,  accelerated  traffic  tests  were  conducted  at  the  WES 
to  determine  how  the  current  M19  landing  mat  inventory  item  could  best  be 
utilized  for  bridge  access/egress  applications.  The  M19  landing  mat  is  a 
depot  stocked  item  (Federal  Stock  No.  5680-930-152U )  which  weighs  h.3  lb 
per  sq  ft.  The  M19  mat  is  a  sandwich-type  structure  containing  an  aluminum 
honeycomb  core  bonded  top  and  bottom  to  aluminum  skins  (incl  l).  The  indi¬ 
vidual  panels,  1.5  in.  thick,  50-lA  in.  long,  and  lt9— 1  / 2  in.  wide,  weigh 
approximately  71  lb. 

2.  The  test  section  was  located  under  a  hangar-type  stru  ture  to  provide 
protection  from  the  elements.  The  test  section  was  excavated  to  a  depth  of 
2h  in.  below  grade  and  backfilled  with  a  heavy  clay.  The  test  section  was 
surfaced  with  M19  mat  placed  in  three  different  laying  patterns  and  covered 
an  area  58  ft  long  and  l6  ft  wide,  and  consisted  of  items  1,  2,  and  3  as 
shown  on  Incl  2.  An  approach  area  was  provided  at  each  end  of  the  test 
section  to  provide  a  maneuver  area  for  the  test  vehicle  during  the  application 
of  traffic.  The  in-place  CBR  of  the  test  section  prior  to  traffic  was  an 
average  of  1.2  for  the  top  12  in.  Soil  data  are  summarized  on  Incl  3.  The 
item  1  panels  were  placed  in  a  brickwork  pattern  with  the  male-female  joints 
perpendicular  to  the  direction  of  vehicular  traffic  and  continuous  across 

the  test  item  width  (incl  2).  This  lay  pattern  is  the  standard  M19  lay 
pattern  that  has  been  rotated  90  degrees.  The  panels  in  item  2  were  placed 
in  a  brickwork  pattern  with  the  overlap-underlap  joints  perpendicular  to 
the  direction  of  traffic  and  continuous  across  the  test  item  width  (incl  2). 
The  standard  Ml 9  lay  pattern  with  the  male-female  joints  parallel  to  the 
direction  of  traffic  and  continuous  along  the  test  item  length  was  utilized 
for  placement  of  item  3  panels  (incl  2). 

3.  Traffic  tests  were  conducted  with  a  5-ton  military  cargo  truck  and  a 
MUSA!  combat  tank.  The  M5^  cargo  truck  (incl  M  was  loaded  with  a  20,000  lb 
payload  (gross  weight,  10,000  3b)  and  the  11X20,  12-ply  tires  were  inflated 
to  70  psi.  These  conditions  represented  the  highway  loading  for  the  truck. 

The  ML8A1  tank  (incl  5)  was  loaded  with  8000  lb  (approximate  gross  weight, 
106,000).  Traffic  was  applied  in  a  channelized  pattern  similar  to  that  which 
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Traffic  Tests  on  M19  Landing  Mat  for  Tactical  Bridge  Access/Egress 
Applications 

would  be  encountered  in  actual  road  conditions.  Mixed  traffic  was  applied 
With  the  M5';  truck  applying  2700  passes  and  the  Mlt8Al  tank  applying  300 
passes  for  a  grand  total  of  3000  mixed  passes.  The  sequence  of  traffic  was 
truck  0  to  1800  passes,  tank  1801  to  2000  passes,  truck  2001  to  2^50  passer, 
tank  2^51  to  2500  passes,  truck  2501  to  2950  passes,  and  tank  2951  to  3000 
passes . 

U.  A  view  of  the  overall  test  section  prior  to  traffic  is  shown  on  Incl  6 
and  a  view  of  items  1,  2,  and  3  are  shown  on  Incls  7,  8,  and  9,  respectively. 

As  the  M5t  truck  moved  across  the  test  items,  small  bow  waves  were  evident  on 
items  1  and  2,  however,  no  movement  was  noticed  on  item  3.  The  continuous 
joints  across  items  1  and  2  allowed  the  runs  of  mat  to  move  up  and  down 
as  the  truck  moved  across  the  mat.  After  200  passes,  the  mat  surface  remained 
generally  smooth  (incl  10).  Runs  of  mat  in  items  1  and  2  had  moved  from 
east  to  west  approximately  1  in.  Identification  paint  marks  were  placed  along 
the  east  edge  at  each  mat  joint  as  shown  on  Incl  10  in  order  to  measure  the 
lateral  mat  movement  as  traffic  continued. 

5.  After  1800  truck  passes,  no  apparent  damage  had  occurred  to  either  of  the 
three  test  items  (incls  11-13).  The  maximum  lateral  movement  in  item  1  was 
k-1/2  in.  between  runs  3  and  1+  and  in  item  2  was  3  in.  between  runs  6  and  7. 

The  movement  at  the  transition  of  items  1  and  2  was  8-1/2  in.  No  lateral 
movement  had  occurred  in  item  3.  At  the  beginning  of  traffic,  the  mat  con¬ 
tained  a  transverse  slope  from  east  to  west  of  approximately  3  in.  (incl  lh-19). 
This  condition,  along  with  the  application  of  traffic,  caused  the  runs  of  mat 

to  move  laterally.  The  average  maximum  change  in  cross-sections  (inci  lh-19) 
from  the  beginning  to  l800  truck  passes  on  item  1,  2,  and  3  were  approximately 
1.0,  0.9,  and  0.7  in.,  respectively.  Profile  measurements  (Incl  20)  indicate 
less  downward  mat  movement  in  item  3  than  in  items  1  and  2. 

6.  Prior  to  further  traffic  testing  with  the  M48A1  tank,  all  the  mat  was 
shifted  and  straightene  i  such  that  the  panels  were  in  their  same  approximate 
position  as  at  the  initial  start  of  traffic  testing.  After  200  passes  of  the 
Mu8Al  tank,  the  outer  edges  of  the  M19  mat  in  all  three  test  items  were 
pushed  down  into  the  subgrade  approximately  1-1/2  in.  The  downward  mat  move¬ 
ment  is  shown  in  the  cross  section  data  (Incl  lU-19).  An  overall  view  of  the 
test  section  after  2000  total  passes  is  shown  on  Incl  21.  No  damage  had 
occurred  to  the  mat  and  the  mat  did  not  shift  laterally  from  east  to  west  due 
to  the  tank  embedding  the  mat  into  the  subgrade  during  traffic.  Soft  subgrade 
material  was  extruded  up  thru  the  mat  joints  at  several  locations  as  shown  on 
Incl  21. 

7.  After  3000  total  passes,  no  damage  had  occurred  to  the  mat.  The  outer 
edges  of  the  mat  were  pushed  down  into  the  subgrade  approximately  1-3/u  in. 

Thf’re  was  a  minute  cnange  in  the  cross  section  and  profile  measurements 
from  2000  to  3000  total  passes  (incl  1 U— P0 ) .  A  view  of  items  1,  2,  arid 
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SUBJECT:  Traffic  Tests  on  M19  Landing  Mat  for  Tactical  Bridge  Access/Egress 
Applications 

3  at  the  conclusion  of  traffic  is  shown  on  Incls  22-2b;  respectively.  As 

the  mat  was  removed  from  the  test  section,  it  was  noted  that  all  connectors 

were  filled  with  soft  subgrade  material  which  had  entered  the  connector 
cavities  during  traffic. 

8.  After  the  mat  was  removed  from  the  test  section,  the  MU8A1  tank  was  used 

to  traffic  the  unsurfaced  test  section  which  was  a  1.3  CBR.  The  test  section 
prior  to  traffic  is  shown  on  Incl  25.  The  tank's  first  pass  produced  a  3-in. 

rut  in  the  subgrade  (incl  26)  and  each  successive  pass  produced  a  deeper  rut. 

The  tank's  undercarriage  began  to  touch  the  subgrade  after  9  passes.  After 
50  passes,  the  bottom  of  the  tank  was  dragging  the  subgrade  for  the  entire 
length  of  the  test  section  (incl  27).  The  maximum  distance  from  the  top  of 
the  extruded  subgrade  along  the  west  edge  of  the  test  section  to  the  bottom 
of  the  tank  track  was  30  in.  (incl  28).  Due  to  the  tank  dragging  on  the  sub¬ 
grade  and  thus  causing  the  tank  to  lose  mechanical  power,  tank  traffic  was 
discontinued  after  50  passes. 

9.  Results  of  this  investigation  indicated  that: 

a.  All  of  the  test  items  sustained  3000  passes  of  the  mixed  truck  and 
tank  traffic  and  were  serviceable  for  continued  traffic. 

b.  The  standard  lay  pattern  (item  3)  can  be  placed  easier  than  the  lay 
pattern  of  item  2.  The  item  3  lay  pattern  is  placed  such  that  orientation 
of  the  panel's  internal  honeycomb  core  is  stronger  with  respect  to  the 
direction  of  traffic  than  the  item  1  lay  pattern. 

c.  From  visual  observation,  there  was  more  bow  wave  movement  in 
items  1  and  2  than  in  item  3. 

d.  The  panels  in  all  three  test  items  were  in  good  condition  and  were 
suitable  for  reuse  after  cleaning  mud  from  the  connectors. 

e.  The  MU8A1  tank  loaded  with  a  gross  weight  of  106,000  lb  can  negotiate 
on  a  clay  subgrade  with  a  CBR  of  1.3  for  50  repetitive  passes. 

10.  It  is  recommended  that  further  traffic  tests  of  M19  mat  be  conducted  on 
mat  panels  placed  in  the  standard  lay  pattern  with  membrane  underlay  to 
determine  membrane  performance  in  preventing  extrusion  of  soft  subgrade 
material  through  mat  joints. 
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MEMORANDUM  FOR  RECORD--TRAFFIC  TESTS  ON  M8A1  AND 
M19  LANDING  MATS  WITH  AND  WITHOUT  T17  MEMBRANE 
UNDERLAY  FOR  TACTICAL  BRIDGE  ACCESS/ 

EGRESS  APPLICATIONS 
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DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P  O  BOX  631 

VICKSBURG  MISSISSIPPI  39180 


U  October  1972 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Traffic  Tests  on  M8A1  and  M19  Landing  Mats  With  and  Without 
T17  Membrane  Underlay  for  Tactical  Bridge  Access/Egress 
Applications 


1.  During  the  period  Apr i 1-May  1973,  accelerated  traffic  tests  were 
conducted  at  the  WES  on  M8A1  and  M19  landing  mats  placed  with  and  with¬ 
out  T17  membrane  underlay  for  the  purpose  of  determining  how  these  cur¬ 
rent  inventory  items  could  best  be  utilized  for  bridge  access/egress 
applications.  The  MBA!  steel  landing  mat  panel  (incl  l)  is  approximately 
12  ft  long  by  19  in.  wide  and  1  in.  thick  and  weighs  lUb.  lb  or  7.5  lb 
per  sq  ft.  The  panels  were  fabricated  from  0.125-in. -thick  sheet 
material,  rolled,  and  formed  into  ribbed  panels.  The  M19  landing  mat 

is  a  sandwich- type  structure  containing  an  aluminum  honeycomb  core 
bonded  top  and  bottom  to  aluminum  skins  (incl  2).  The  individual  panels, 
1.5  in.  thick,  50— 1 / bi  in.  long,  and  ^9-1/2  in.  wide,  weigh  approximately 
71  lb  or  l*.  3  lb  per  sq  ft.  The  T17  membrane  is  a  depot-stocked  item 
which  weighs  approximately  0.33  lb  per  sq  ft.  The  T17  membrane  is  a 
two-ply,  neoprene-coated  nylon  material  which  was  prefabricated  in 
sections  36  ft  wide  and  100  ft  long  and  is  designed  as  a  waterproofing 
material  for  airfield  surfacings. 

2.  The  test  section  used  in  these  investigations  was  located  under  a 
hangar-type  structure  to  provide  protection  from  the  elements.  The  test 
section  was  excavated  to  a  depth  of  2b  in.  below  grade  and  backfilled 
with  a  heavy  clay.  It.  covered  an  area  82  ft  long  and  18  ft  wide  and 
consisted  of  items  1,  2,  3,  and  l*  as  shown  on  Incl  3.  An  approach  area 
was  provided  at  each  end  of  the  test  section  to  provide  a  maneuver  area 
for  the  test  vehicle  during  the  application  of  traffic.  The  in-place 
CBR  of  the  test  section  prior  to  traffic  was  an  average  of  1.2  for  the 
top  12  in.  Soil  data  are  summarized  on  Incl  1.  The  T17  membrane  was 
first  placed  on  the  subgrade  of  items  2  and  3  and  M8A1  and  M19  mats 
were  then  laid  on  the  test  section  and  connected  with  an  H-connector  at 
their  juncture  (incl  3).  The  M8A1  panels  were  placed  on  items  1  and  2 
in  a  brickwork  pattern  (incl  3)  such  that  adjacent  sides  were  joined  by 
connectors  consisting  of  bayonets  and  slots  (incl  l).  The  end  connec¬ 
tors  were  joined  by  sliding  the  four  end  connector  bars  into  receiving 
slots  and  bending  the  cover-plate  tabs  down.  The  Ml 9  panels  were  place! 
on  items  3  and  U  in  a  normal  brickwork  pattern  with  the  malt?- female 
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WESGS  U  October  1973 

SUBJECT:  Traffic  Tests  on  M8A1  and  ”19  Landing  Mats  With  and  Without 
TIT  Membrane  Underlay  for  Tactical  Bridge  Aceess/Egress 
Applications 

joints  parallel  to  the  direction  of  vehicular  traffic  and  continuous 
along  the  length  of  the  test  section  (incl  3).  A  general  view  of  the 
test  section  prior  to  traffic  is  shown  on  Incl  5. 

3.  Traffic  tests  were  conducted  with  a  5-ton  military  dump  truck  and 
an  MUSA!  combat  tank.  The  M51  dump  truck  (Incl  6)  was  loaded  with  a 
20,000-lb  payload  (gross  weight,  ^*0,000  lb)  and  the  11X20,  12-ply  tires 
were  inflated  to  TO  psi.  These  conditions  represented  the  highway 
loading  for  the  truck.  The  Mk8Al  tank  (incl  T)  was  loaded  with  8000  lb 
(approximate  gross  weight,  106,000  lb).  Traffic  was  applied  in  a 
channelized  pattern  similar  to  that  which  would  be  encountered  in  actual 
road  conditions.  Mixed  traffic  was  used  with  the  M51  truck  applying 
2TQ0  passes  and  the  MU8A1  tank  applying  300  passes  for  a  grand  total  of 
3000  nixed  passes.  The  sequence  of  traffic  was  truck  0  to  1800  passes, 
tank  1801  to  2000  passes,  truck  2001  to  2U5O  passes,  tank  2^51  to  2500 
passes,  truck  2501  to  2950  passes,  and  tank  2? 51  to  3000  passes. 

Item  1,  traffic  test  (M3A1  nat  -  no  membrane  underlay).  Prior  to 
traffic,  the  mat  surface  was  generally  smooth  (incl  8).  During  the 
initial  truck  passes,  panels  were  forced  down  and  deformed  by  traffic 
causing  some  subgrade  material  to  be  extruded  up  onto  the  mat  surface 
through  the  connector  and  locking  lug  slots.  After  200  passes,  the  mat 
surface  was  an  average  of  2  in.  lower  (incls  9-11)  than  at  the  beginning 
of  traffic.  The  panels  were  deformed  along  the  truck  wheel  paths,  and 
measurements  (incl  12)  indicated  a  maximum  change  of  3-1 A  in.  from  an 
l8-ft  string  line  stretched  across  the  width  of  the  test  section.  The 
east  edge  of  the  mat  was  approximately  3  in.  above  the  underlying  sub¬ 
grade.  A  view  of  item  1  after  200  passes  of  the  M51  dump  truck  is 
shown  on  Incl  13. 


5.  As  traffic  continued,  the  deformation  along  the  truck  wheel  paths 
increased  and  subgrade  material  continued  to  be  extruded  up  onto  the 
mat  surface;  however,  the  mat  remained  in  good  condition  and  performed 
satisfactorily  through  l300  truck  passes  (incl  lU).  The  maximum  change 
in  both  cross-section  (incls  9  and  10)  and  profile  (incl  11)  measurement.;: 
from  the  beginning  of  traffic  to  1800  passes  of  the  M51  truck  was  2.7 
and  3.0  in.  The  permanent  set  measurements  (incl  12)  indicated  a  maxi¬ 
mum  change  of  5  in.  in  item  1  after  1800  passes.  The  east  edge  of  the 
deformed  mat  was  approximately  U-l/2  in.  above  the  underlying  subgrade. 


t.  The  M28.A1  tank  tracked  the  section  for  the  next  200  passes  (l301  to 
2000  total).  Th”  tank  pushed  the  ends  of  the  mats  into  the  subgrade,  but 
the  mat  or.ds  w.-uJd  spring  back  to  an  upward  curl  after  the  tank  moved  of: 
Trg'  oast  "dge  . ; f  the  mat  was  ~-l/H  in.  above  the  subgrade  as  shewn  on 
Tn.cl  Ip.  A  general  view  of  item  1  after  2000  total  passes  is  shown  on 

sO.  Or.jss-s-'ot;  or.  and  rr'-fi’.e  curves  (Incls  9-11 )  show  little  char. 
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Applications 

in  the  mat  surface  caused  by  200  passes  of  the  tank.  The  permanent  set 
measurements  (incl  12)  indicate  an  increase  to  7  in.  after  2000  total 
passes.  After  3000  total  passes,  the  mat  was  still  in  serviceable  con¬ 
dition;  however,  several  panels  had  breaks  along  the  vehicle  wheel  paths. 
The  maximum  change  in  both  cross-section  (incls  9  and  10;  and  profile 
(incl  11)  measurements  from  the  beginning  to  3000  total  passes  was  3.5  in. 
The  item  after  3000  total  passes  is  shown  on  Incl  17. 

7.  When  the  panels  were  removed,  10  of  the  2b  panels  contained  breaks. 

A  summary  of  panel  damage  is  shown  on  Incl  18.  Since  the  panels  con¬ 
tained  considerable  permanent  set,  the  mat  would  be  most  difficult  to 
reconnect  for  reuse.  The  soil  data  (incl  U)  show  that  the  subgrade 
strength  was  1.6  CBR  at  the  conclusion  of  traffic  tests. 

■3 .  Item  2,  traffic  test  (MfiAl  mat  with  T17  membrane  underlay).  A 
general  view  of  the  item  prior  to  traffic  is  shown  on  Incl  19.  The 
initial  truck  passes  produced  noticeable  deformation  in  the  panels 
along  the  wheel  paths.  The  deformation  continued  to  increase  and  after 
200  passes,  the  measurements  (incl  12)  indicated  a  maximum  change  of 
2-3A  in;  from  a  18-ft  string  line  stretched  across  the  test  section. 

'The  east  edge  of  the  mat  was  approximately  2  in.  above  the  underlying 
subgrade.  The  maximum  change  in  both  cross-section  (incls  20  and  21 ) 
and  profile  (incl  22)  measurements  from  the  beginning  to  200  passes  was 
1.5  and  2.2  in.  The  mats  continued  to  deform  an  average  of  approximately 
0.5  in.  between  200  and  1800  truck  passes  (incls  20-22);  however,  no 
breaks  or  d?unage  were  noted  after  1800  passes.  The  edges  of  the  mat  con¬ 
tinued  to  curl  upward  with  the  maximum  at  the  east  edge  of  the  mat  which 
had  increased  to  approximately  3  in.  above  the  underlying  subgrade.  A 
view  of  the  item  after  l800  truck  passes  is  shown  on  Incl  23. 


h  October  197-3 

Traffic  Tests  on  M8A1  and  Ml 9  Land i nr;  Mats  Vi  t  h  an i  Without 
T17  Membrane  Underlay  for  Tactical  Bridge  Access /Egress 
Applications 

11.  After  the  panels  were  removed,  a  visual  inspection  of  panels  reveal e 
that  13  of  the  2^  panels  in  the  item  contained  breaks.  A  summary  of  pane 
damage  is  shown  on  Incl  27.  The  panels  contained  considerable  permanent 
set;  therefore,  the  mat  would  be  most  difficult  to  reconnect  for  reuse. 
One  punctured  hole  was  noticed  in  the  T17  membrane  along  the  east  wheel 
path.  The  soil  data  (Incl  U)  show  that  the  subgrade  strength  was  1.5  CBR 
at  the  conclusion  of  traffic. 

12 .  Item  3,  traffic  test  (M19  mat  with  TI7  membrane  underlay).  The  mat 
surface  in  item  3  was  generally  smooth  at  the  beginning  of  traffic 
(Incl  28).  As  the  rear  truck  wheels  traversed  the  mat  in  a  north  and 
south  direction  along  wheel  paths  which  were  centered  U  ft  east  and  west 
of  the  center  line,  small  hinging  movements  were  occurring  along  the 
male-female  connecters.  These  deflections  are  indicated  on  the  200  and 
1800  passes  curves  as  shown  on  Incls  29  and  30.  A  view  of  the  item  after 
1800  passes  is  shown  on  Incl  31. 

13.  Tank  traffic  was  applied  for  200  passes  (2G00  total  passes)  and 
caused  no  significant  change  in  the  condition  of  the  mat.  After  3000 
total  passes,  the  mat  was  still  in  excellent  condition.  The  maximum 
change  in  both  cross-section  (incls  2y  and  30)  and  profile  (ir.cl  32) 
measurements  from  the  beginning  to  3000  total  passes  was  1.6  in.  An 
overall  view  of  the  i tem  at  the  conclusion  of  traffic  is  shown  on  Incl 
33*  The  mud  on  the  surface  of  the  mat  as  shown  on  Incl  33  was  caused 
by  water  leaking  from  holes  in  the  hangar's  roof  onto  subgrade  which 
was  tracked  from  items  1  and  it.  After  the  panels  were  removed,  no  holes 
were  noted  in  the  T17  membrane.  The  soil  data  (Incl  h)  show  that  the 
subgrade  was  1.5  CBR  at  the  conclusion  of  traffic. 

Item  l,  traffic  test  (M19  mat  -  no  membrane  underlay).  Prior  to 
traffic,  the  mat  surface  was  generally  smooth  (incl  3!*).  Small  hinging 
movements  were  occurring  along  the  male- female  connectors  as  the  rear 
truck  wheels  traversed  the  mat  in  a  north  and  south  direction  along 
wheel  paths  which  were  centered  1*  ft  east  and  west  of  the  center  line  . 
Deflections  along  the  wheel  paths  are  indicated  on  the  200  and  l800  passe 
curves  as  shown  on  the  200  and  1800  passes  curves  as  shown  on  Incls  35 
and  36.  The  item  after  1800  truck  passes  is  shown  on  Incl  37. 

15.  The  additional  tank  and  truck  traffic  caused  no  significant  change 
in  the  condition  of  the  mat.  The  item  after  3000  total  passes  is  shown 
on  Incl  33.  The  maximum  change  in  both  cross-section  (incls  35  and  3o) 
and  profile  (incl  32)  measurements  from  the  beginning  to  3000  total 
passes  was  1.2  and  1.5  in.  The  soil  data  show  that  the  subgrade  strength 
was  1.5  CBR  at  the  conclusion  of  traffic. 
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16.  Traffic  tests  on  unsurfaced  and  membrane  surfaced  items.  After  all 
the  mat  was  removed  from  the  test  section,  the  T17  membrane  on  item  2 
was  moved  to  item  L  and  the  M51  dump  truck  was  used  to  traffic  the 
unsurfaced  subgrade  (items  1  and  2)  and  the  membrane  surfaced  subgrade 
(items  3  and  U).  The  subgrade  strength  of  the  unsurfaced  and  membrane 
surfaced  items  was  approximately  1.5  CBR.  The  test  section  prior  to 
traffic  is  shown  on  Incl  39.  The  truck's  first  pass  produced  a  l^-l/2-in. 
rut  in  the  unsurfaced  item  (incl  ho)  and  a  6-lA-in.  rut  in  the  membrane 
surfaced  item  (incl  Ll).  Each  successive  pass  produced  deeper  ruts  and 
after  10  passes,  the  rut  depth  on  the  unsurfaced  and  membrane  surfaced 
items  was  19  and  lL-l/2  in.  After  10  passes,  the  rear  springs  of  the 
truck  were  dragging  the  subgrade  for  the  entire  length  of  the  unsurfaced 
item  (incl  U2)  and  the  edges  of  the  unanchored  membrane  were  pulled  into 
the  ruts  by  truck  traffic  (Incl  U3).  The  rear  springs  of  the  truck  were 
also  dragging  along  the  membrane  surfaced  item.  Truck  traffic  was 
discontinued  after  10  passes. 

17.  Results  of  this  investigation  indicated  that: 

a.  All  four  of  the  test  items  sustained  3000  passes  of  the  mixed 
truck  and  tank  traffic  and  were  serviceable  for  continued  traffic. 

b.  The  T17  membrane  underlays  beneath  items  2  and  3  prevented 
extrusion  of  soft  subgrade  material  through  the  mat  joints. 

c.  The  M8A1  panels  in  items  1  and  2  were  not.  suitable  for  reuse 
because  the  panels  were  deformed  and  would  be  most  difficult  to  reconnect. 

d.  The  M19  panels  in  items  3  and  L  were  in  good  condition  and  were 
suitable  for  reuse. 

e.  The  M51  dump  truck  loaded  with  a  gross  weight  of  U0,000  lb  can 
negotiate  on  a  clay  subgrade  with  a  CBR  of  1.5  for  10  repetitive  passes. 
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SUMMARY  OF  ITEM  1  PAIJEL  DAMAGE  AFTER  3000  PASSES 
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NO. 


DESCRIPTION  OF  DAMAGE 
Cover  plate  weld  crack 

Bayonet  break 

Cover  plate  weld  break 

Cover  plate  weld  crack 

Cover  plate  weld  break 


Bayonet  break 

Cover  plate  weld  crack 

Break  from  bayonet  side  extending 
through  rib  along  east  wheel  path 

Cover  plate  weld  crack 

Bayonet  broken  off 


Break  on  the  underlap  connector  ex¬ 
tending  from  cover  plate  to  end  of 
panel 


Cover  plate  weld  crack 

Break  from  bayonet  side  extending 
through  rib  along  east  wheel  path 

Break  on  the  underlap  connector 
extending  from  cover  plate  to  end 
of  panel 

Bayonet  broken  off 

Break  from  bayonet  side  extending 
through  rib  along  east  wheel  path 
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;M  2  PANEL  DAMAGE  AFTER  3000  PASSES 

PANEL  NO. 

DESCRIPTION  OF  DAMAGE 
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Bayonet  break 
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Cover  plate  weld  crack 

Break  on  the  underlap  connector 
extending  from  cover  plate  to 
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Cover  plate  weld  crack 

Bayonet  broken  off 

Cover  plate  weld  break 
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Break  from  bayonet  side  extending 
through  rib  along  west  wheel  path 

* 

37 

Bayonet  broken  off 

38 

Cover  plate  weld  crack 
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Break  from  bayonet  side  extending 
through  rib  along  west  wheel  path 

$■ 

1+1 

Bayonet  broken  off 
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Break  from  bayonet  side  extending 
through  rio  along  west  wheel  path 

r/>/ 

Cover  plate  weld  crack 

1+5 

Bayonet  break 
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Cover  plate  weld  crack 
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DEPARTMENT  OF  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P.  O.  BOX  631 

VICKSBURG.  MISSISSIPPI  39180 


1  TO'  WESGS 


25  June  1979 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Evaluation  of  Paper  and  Aluminun  Grids  for  Bridge  Access/Egress 
Applications 


1.  During  the  period  of  April-August  1973,  both  laboratory  and  traffic 
tests  were  conducted  at  the  WES  on  various  sizes  of  paper  and  aluminun 
grids.  The  investigations  were  conducted  to  determine  the  suitability 
of  these  materials  as  a  potential  soil  strengthening  system  for  bridge 
access/egress  applications.  It  was  envisioned  that  the  resulting  system 
would  decrease  the  present  time  required  -in  preparing  access/egress  in 
gap  crossings.  Therefore,  during  all  evaluations  there  was  no  special 
subgrade  preparations  nor  was  there  any  compaction  effort  applied  to  the 
soil  placed  in  the  cells  of  the  grids.  Materials  used  in  these  tests 
are  described  as  follows. 

a.  A  paper  honeycomb  material  fabricated  from  90-lb  linerboard,  im¬ 
pregnated  with  9-percent  phenolic  resin,  formed  by  bonding  0. 023-in. - 
thick  sheets  into  a  structure  with  6-in.  hexagonal  cells  that  are  6  in. 
deep.  The  size  of  the  honeycomb  prior  to  expansion  was  2-15/16  in.  by 
10  ft  8  in.,  and  after  expansion  was  2b  by  8  ft.  This  material  had  a 
total  weight  of  57  lb  or  0.30  lb  per  sq  ft  expanded.  (Mote:  The  9-percent 
resin  content  of  this  material  was  considered  by  the  manufacturer  to  be 
the  maximum  amount  that  could  be  included  and  still  allow  the  grid  to  be 
expanded  once  cured.  Although  an  increase  in  the  resin  content  would 
result  in  greater  strength  to  the  grid  and  render  it  more  waterproof,  it 
was  not  considered  to  be  feasible  in  this  type  application. ) 

b.  A  honeycomb  material  fabricated  from  O.OlU-in. -thick  3003-HlU 
aluminum  alloy  sheets,  formed  by  bonding  into  a  structure  with  6-in. 
hexagonal  cells  that  are  1*  in.  deep.  The  size  of  the  honeycomb  prior  to 
expansion  was  1-5/16  in.  by  TO  ft  1-1/2  in.  and  after  expansion  was 

20  by  8  ft.  'This  material  had  a  total  weight  of  55  lb  or  0.3^*  lb  per 
sq  ft  expanded. 

c.  A  honeycomb  material  fabricated  from  0,01^-in. -thick  3003-Hlh 
aluminun  alloy  sheets  formed  by  bonding  into  a  structure  with  6-in. 
hexagonal  cells  that  are  6  in.  deep.  The  size  of  the  honeycomb  prior  to 
expansion  was  1-3/8  in.  by  10  ft  1  in.  and  aft. or  expansion  was 
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20  by  8  ft.  This  material  had  a  total  weight  of  8 6  lb  or  0.5**  lb  per 
sq  ft  expanded. 

d.  A  honeycomb  material  fabricated  from  0.01**-in. -thick  300 3— HlU 
aluminum  alloy  sheets  formed  by  bonding  into  a  structure  with  6-in. 
hexagonal  cells  that  are  8  in.  deep.  The  size  of  the  honeycomb  prior  to 
exapnsion  was  1-1/2  in.  by  10  ft  2-5/8  in.  and  after  expansion  was  20  by 
8  ft.  This  material  had  a  total  weight  of  127  lb  or  0.79  lb  per  sq  ft 
expanded. 

e.  A  membrane  fabricated  from  Kevlar  material  and  covered  on  each 
side  with  a  thin  neoprene  coating.  This  membrane  was  0.013  in.  thick 
with  a  weight  of  1.8  oz  per  sq  ft.  It  was  supplied  in  15-  by  **0-ft 
sections  with  a  weight  of  67  lb. 

The  grids  and  membrane  described  above  are  "off-the-shelf"  type  items 
that  were  procured  from  Hexcel  Structural  Products,  Dublin,  California, 
and  Reeves  Bros.,  Inc.,  Rutherfordton,  North  Carolina,  respectively . 

Several  square  grids  in  various  cell  sizes  and  cell  depths  that  were  hand 
fabricated  at  the  WES  were  also  subjected  to  laboratory  tests.  This 
grid  was  being  tested  in  other  R&D  work  at  WES  and  laboratory  tests  were 
conducted  on  it  for  comparison  with  the  hexagon-shaped  grids.  These  grids 
were  fabricated  from  0.028-in. -thick  aluminum.  To  fabricate  the  square 
grids,  strips  of  the  aluminum  material  were  initially  cut  for  the  proper 
cell  depth.  The  strips  were  then  cut  at  the  proper  spacings  (depending 
on  cell  size)  halfway  through  the  depth  of  the  strips  to  form  slots.  The 
individual  strips  were  then  nestled  together  at  the  slots  to  form  the 
square  cells  of  the  grid. 


Laboratory  Tests 


2.  Samples  of  the  various  honeycomb  and  grid  materials  were  tested  in 
the  laboratory  with  a  model  1116  Instron  testing  machine  with  a  50,000-lb 
capacity.  The  test  load  was  applied  at  a  speed  of  0.5  in.  per  minute  and 
a  stress-strain  curve  was  recorded  for  each  test  specimen.  The  specimens 
were  cut  to  fit  within  a  test  box  which  was  28  in.  wide  by  28  in.  long, 
and  11-1/2  in.  deep  (incl  l).  The  box  size  was  based  on  the  physical  size 
of  the  test  machine.  The  6-in.  cell  size,  6-in.  deep  aluminum  honeycomb 
grid  is  shown  on  this  inclosure.  Sand  was  placed  in  the  box  to  a  minimum 
depth  of  2-3/**  in.  prior  to  placing  the  honeycomb.  Wood  spacers  initially 
were  placed  in  the  honeycomb  to  keep  the  cells  properly  expanded.  The 
spacers  were  removed  when  the  cells  were  almost  filled  with  sand.  Approxi¬ 
mately  2  in.  of  sand  was  placed  over  the  top  of  the  grid  prior  to  testing. 
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3.  The  loading  head  was  fabricated  from  a  3/4-in.  steel  plate  placed  on 
top  of  a  1/4  in.  plywood  plate  sandwiched  between  rubber  pads  to  simulate 
a  single  tire  print  (approximately  93  sq  in.)  of  a  1154  5-ton  truck.  A 
typical  test  set  up  prior  to  testing  is  shown  on  Incl  2.  A  test  item  at 
failure  is  shown  on  Incl  3.  Sand  has  been  partially  removed  from  the 
aluminum  grid  in  Incl  4-  to  show  ce-11  failure.  The  grids  were  subjected 
to  these  tests  both  with  and  without  Kevlar  membrane  placed  beneath  the 
grids  to  determine  what  benefits,  if  any,  the  membrane  would  contribute. 

A  typical  membrane  failure  is  shown  on  Incl  5. 


1*.  Various  sizes  of  paper  and  aluminum  grid  materials  were  subjected  to 
the  laboratory  tests  as  described  in  paragraphs  2  and  3  above.  Laboratory 
tests  were  also  conducted  on  river  and  concrete  sand  without  the  benefit  of 
any  reinforcing  material.  Concrete  sand  was  used  for  both  the  laboratory 
and  traffic  tests  as  it  was  more  readily  available,  and  it  is  similar  to 
river  sand  (Incl  6).  Load-deflection  curves  for  the  grid  materials  are 
shown  on  Incls  7  (hexagon  cell  without  membrane),  8  (hexagon  cell  with 
membrane),  and  9  (square  cell  without  membrane).  Various  laboratory  tests 
were  also  conducted  on  the  Kevlar  membrane  alone.  Results  of  these  tests 
are  given  on  Incl  10. 


5.  A  summary  of  the  laboratory  tests  conducted  on  the  various  grids  with 
and  without  membrane  underneath  the  grids  is  given  on  Incl  11.  The  deflec¬ 
tion  at  6000-lb  load  is  shown  for  each  grid.  This  load  was  used  for  com¬ 
parison  since  this  is  the  equivalent  single-wheel  load  of  the  dual  tandem 
wheel  loading  of  the  M54  5-ton  cargo  truck  with  gross  weight  of  1*0,000  lb. 
These  test  results  show  that  the  aluminum  6-in.  hexagon  cell,  4-in.  depth, 
grid  with  membrane  supported  the  6000  lb  with  the  least  (0.90  in.)  deflec¬ 
tion.  The  aluminum  6-in.  hexagon  cell  in  the  6  and  8  in.  depths  with  mem¬ 
brane  was  next  in  order  of  least  deflection  (l.OO  in.).  The  rating  based 
on  load  vs.  deflection  of  these  and  the  other  grids  tested  is  shown  on 
Incl  11.  All  of  the  grids  with  or  without  membrane  added  considerable 
strength  to  the  sand.  The  grid  with  membrane  contributed  as  much  as 
95-percent  increase  (aluminum  6-in.  hexagon  cell  size  4  in.  depth  with 
membrane)  in  the  load  (comparison  of  loads  made  at  2  in.  of  deflection) 
as  compared  to  the  same  size  grid  without  the  membrane.  The  results  of 
these  tests  with  the  membrane  revealed  that  the  distance  the  membrane  is 
located  from  the  surface  has  an  effect  on  the  overall  strength  of  the  grid/ 
membrane  system.  The  curves  (incl  8),  prepared  from  laboratory  test  data 
for  the  aluminum  grid, show  that  the  closer  the  membrane  is  to  the  surface 
(to  within  4  in.),  the  stronger  the  resulting  system.  Apparently,  when 
the  membrane  was  at  depths  of  up  to  8  in.,  the  grid  began  to  fail  before 
the  benefits  of  the  membrane  were  fully  utilized.  The  effect  of  the  cell 
depth  can  be  further  seen  from  the  data  on  Incl  11  since  the  aluminum 
6-in.  hexagon  cell,  4  in.  deep,  supported  the  6000-lb  load  with  the  leust 
deflection  and  at  a  2-in.  deflection,  supported  more  load  than  the  other 
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grid  with  or  without  membrane.  The  aluminum,  6-in.  hexagon  cell,  6-in.- 
deep  grid  without  membrane  supported  the  6000-lb  load  with  the  least  de¬ 
flection  of  any  of  the  grids  without  membrane  and  at  2-in.  deflection, 
supported  the  most  load.  This  grid  also  had  less  deflection  at  the 
6000-lb  load  than  the  aluminum  6-in.  hexagon  cell  8  in.  depth  grid  without 
membrane.  The  load  (12,^00  lb)  at  2-in.  deflection  for  the  aluminum  6-in. 
hexagon  cell,  6-in.  deep  grid  without  membrane  was  greater  than  for  the 
aluminum  6-in.  hexagon  cell,  8-in. -deep  grid  with  membrane  (12,200  lb). 

The  hexagon-shaped  cell  grids  when  compared  to  the  same  size  and  depth  of 
square-shaped  grids  had  about  the  same  deflection  at  the  6000-lb  load; 
however,  at  a  2-in.  deflection,  the  hexagon-shaped  grids  supported  more 
load  (incl  11).  The  results  of  these  laboratory  tests  indicate  that  the 
aluminum  6-in.  hexagon  cell,  U-  and  6-in. -deep  cells  with  membrane,  added 
the  most  strength  to  the  sand. 


Traffic  Tests 


Test  section  1 

6.  The  test  section  was  located  under  a  hangar-type  structure  to  provide 
protection  from  the  elements.  The  subgrade  of  the  test  section  consisted 
of  a  loosely  placed  sand  ( Incl  12)  for  a  depth  of  12  in.  This  sand  was 
leveled  with  hand  tools.  The  test  section  covered  an  area  88  ft  long 
and  20  ft  wide  and  consisted  of  items  1-h  as  shown  on  Incl  13.  Items  1 
and  2  contained  the  6-in.  cell,  6-in.  deep  aluminum  honeycomb  grid  with¬ 
out  and  with  Kevlar  membrane.  Items  3  and  h  contained  the  6-in.  cell, 
6-in.  deep  paper  honeycomb  grid  with  and  without  Kevlar  membrane.  An 
approach  area  was  provided  at  each  end  of  the  test  section  to  provide  a 
maneuver  area  for  the  test  vehicle  during  application  of  traffic. 

Inclosure  l1:  shows  the  completed  test  section  subgrade  with  Kevlar  mem¬ 
brane  placed  on  items  2  and  3  prior  to  placement  of  the  grid  materials. 

7.  A  slab  of  the  6-in.  cell,  6-in.  deep  aluminum  grid  material  prior  to 
expansion  is  shown  on  Incl  15.  The  aluminum  grid  being  expanded  is  shown 
on  Incl  16.  The  grid  was  expanded  in  Uo  sec  using  seven  men.  Sand  was 
placed  in  the  cells  at  each  end  of  the  grid  section  for  anchorage  to  hold 
it  in  place.  The  grid  was  expanded  and  anchored  in  1-1/2  min.  Each  slab 
of  the  grid  when  expanded  formed  a  section  8  ft  wide  and  20  ft  long. 

Items  1  and  2  were  each  l6  ft  wide  and  20  ft  long;  therefore,  two  slabs 
of  grid  were  required  for  each  item.  A  close-up  of  the  expanded  aluminum 
grid  is  shown  on  Incl  17. 

8.  A  slab  of  the  6-in.  cell,  6-in. -deep  paper  grid  material  prior  to 
expansion  is  shown  on  Incl  18.  A  section  of  the  paper  grid  being  expanded 
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is  shown  on  Incl  19.  The  paper  grid  was  expanded  and  anchored  in  approxi¬ 
mately  the  same  time  as  the  aluminum  grid.  Mo  difficulties  were  experi¬ 
enced  in  expanding  the  grid  nor  was  there  any  separation  at  the  glue  lines. 

9.  A  completed  section  of  grids  prior  to  filling  with  sand  is  shown  on 
Incl  20.  Sand  was  placed  in  the  grids  with  a  front  end  loader  from  the 
edges  of  the  test  section.  The  sand  did  not  cause  any  damage  to  the 
individual  cells  as  it  was  dumped  onto  the  grids.  For  these  preliminary 
evaluations,  hand  tools  were  used  to  level  the  sand  in  the  grids.  Mo  cora- 
pactive  effort  was  applied,  and  it  was  placed  so  that  it  covered  the  top 
edges  of  the  grids  hy  2  in.  A  view  of  the  overall  test  section  prior  to 
traffic  is  shown  on  Incl  21. 

10.  The  preliminary  evaluation  of  the  various  grids  and  combinations 
with  membrane  were  trafficked  with  an  115^,  5-ton  cargo  truck  (Incl  22) 
which  had  a  gross  weight  of  20,000  lb  on  11X20,  12-ply  tires  inflated  to 
35  psi.  Traffic  was  applied  in  a  channelized  pattern  similar  to  that 
which  would  be  encountered  in  actual  road  conditions. 

11.  Elevation  measurements  (cross  section  and  profile)  of  the  test 
section  surface  were  recorded  before,  during,  and  after  traffic  to  deter¬ 
mine  permanent  deformation  of  the  test  section  and  to  reveal  the  amount 
of  roughness.  The  profile  readings  were  taken  along  the  wheel  paths  of 
the  test  vehicle.  Visual  observations  of  the  test  section  materials  were 
recorded  throughout  the  period  of  traffic  and  supplemented  by  photographs. 

12.  A  view  of  the  test  section  after  10  passes  of  the  M54  truck  is  shown 
on  Incl  23.  Some  rutting  and  compaction  of  the  sand  and  grids  had  occurred. 
No  visible  evidence  of  deformation  of  the  grids  was  observed.  However, 
when  the  sand  was  removed  from  the  top  of  some  of  the  grids  in  one  wheel 
path,  some  deformation  and  tears  were  observed.  Details  of  the  individual 
items  are  given  in  the  following  paragraphs. 

13.  Item  1,  6-in.  cell,  6-in.  depth  aluminum  grid.  The  surface  of  item  1 
was  rutted  as  much  as  4.1  in.  after  10  passes  of  traffic  (incl  24).  Sand 
was  removed  from  the  top  of  some  of  the  grid  in  one  wheel  path.  The  walls 
of  the  grid  at  the  top  were  slightly  bent  (incl  25).  As  traffic  was  con¬ 
tinued,  the  depth  of  the  ruts  increased;  however,  the  sand  covered  the  cells 
of  the  honeycomb  and  there  was  no  other  evidence  that  the  cells  were  deteri¬ 
orating.  Traffic  was  continued  until  1000  passes  were  completed  (Incl  26). 
The  item  was  still  in  good  condition  and  the  truck  did  not  have  any  diffi¬ 
culty  in  trafficking  the  item.  The  rut  depth  had  increased  to  7.7  in., 

the  top  edges  of  the  grid  in  the  wheel  paths  had  bent  over,  and  there  was 
some  separation  and  tearing  of  the  grid  at  the  glue  line  (incl  27).  The 
cells  adjacent  to  the  wheel  paths  were  not  deformed  or  torn  at  the  glue 
line  between  the  individual  cells.  The  cross  section  (incl  28)  and  pro¬ 
file  (incl  29)  data  show  that  the  greatest  change  in  elevation  occurred 
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in  the  first  ten  passes  with  on^  minor  changes  betveen  10  to  200  and 
200  to  1000  passes. 

lU.  Item  2,  6-in.  cell,  6-in.  denth  aluminum  grid  on  membrane.  The  sur¬ 
face  of  this  item  was  rutted  as  much  as  3.8  in.  after  10  passes  of  traffic 
(incl  30).  Sand  was  removed  from  .the  top  of  some  of  the  grid  in  one  wheel 
path.  The  walls  of  the  grid  at  the  top  were  bent  similar  to  that  in  item  1. 
The  rut  depth  increased  as  traffic  was  applied.  The  cells  remained  covered 
with  sand,  and  there  was  no  visible  evidence  that  the  cells  were  deteri¬ 
orating.  Traffic  was  continued  until  1000  passes  were  completed  (incl  31 ). 
The  item  was  still  in  good  condition,  and  the  truck  did  not  have  any  diffi¬ 
culty  trafficking  the  item.  The  rut  depth  had  increased  to  7.2  in.  Howev 
this  is  less  than  the  rut  depth  (7.7  in.)  of  the  grid  tested  without  the 
membrane  (item  l).  The  top  edges  of  the  grid  in  the  wheel  paths  were  bent 
and  there  was  some  separation  and  tearing  of  the  grids  at  the  glue  line 
between  individual  cells  (incl  32).  The  edges  of  the  cells  in  this  item 
were  bent  over  more  at  the  top  than  those  in  item  1  without  membrane  under¬ 
neath  the  grids,  which  indicated  that  this  grid  system  was  apparently 
carrying  more  load.  The  cells  adjacent  to  the  wheel  paths  were  not  deformed 
or  torn  at  the  glue  line.  The  cross  section  (incl  33)  and  profile  data 
(Incl  3^t)  show  that  the  greatest  change  in  elevation  occurred  in  the  first 
ten  passes  v/ith  only  slight  changes  between  10  to  200  and  200  to  1000  passes 

15.  Item  3,  6-in.  cell,  6-in.  depth,  paper  grid  on  membrane.  The  sur¬ 
face  of  this  item  was  rutted  as  much  as  6.8  in.  after  ten  passes  of 
traffic  (Incl  35).  Sand  was  removed  from  the  top  of  some  of  the  grid 
in  one  wheel  path.  The  walls  of  the  grid  near  the  top  were  bent  and 
torn  (Incl  36).  Although  the  paper  was  impregnated  with  phenolic  resin, 
it  had  absorbed  moisture  from  the  sand  and  the  walls  of  the  cells  had 
lost  their  stiffness.  The  rut  depth  increased  as  traffic  was  applied 
and  after  200  passes,  the  depth  was  10.8  in.  (incl  37).  The  grid  after 
200  passes  had  lost  its  effectiveness  as  the  paper  had  absorbed  moisture 
from  the  sand  and  the  cells  had  disintegrated.  The  membrane  appeared  to 
hold  the  moisture  in  the  grids  in  this  item  more  so  than  in  item  1*  where 
there  was  no  membrane.  The  rut  depth  was  also  greater  in  this  item  than 
it  was  in  item  U.  This  item  was  considered  failed  at  this  time  due  to 
the  ineffectiveness  of  the  paper  grid.  The  cross  section  (incl  38)  and 
profile  data  (incl  39)  show  that  the  most  change  in  elevation  occurred 
in  the  first  ten  passes;  however,  there  was  additional  change  between 

10  to  200  passes. 

16.  Item  h,  6-in.  cell,  6-in,  depth  paper  grid.  The  surface  of  this 
item  was  rutted  as  much  as  7.^  in.  after  10  passes  of  traffic  (Incl  Uo) . 

Sand  was  removed  from  the  top  of  some  of  the  grid  in  the  wheel  path.  The 
walls  of  the  grid  near  the  top  were  bent  and  torn  (Incl  hi).  Hie  paper 
had  absorbed  moisture  from  the  sand  and  the  walls  of  the  cells  had  lost 
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their  effectiveness  as  the  paper  had  absorbed  moisture  from  tne  sand  and  the 
cells  had  disintegrated.  Thus,  the  item  was  considered  failed  at  200  passes 
The  cross  section  (  Inci  ^3)  and  profile  data  (incl  lik)  show  that  most  of 
the  change  in  elevation  occurred  in  the  first  ten  passes;  however,  there 
was  additional  change  between  10  to  200  passes. 

17.  An  overall  view  of  the  test  section  after  1000  passes  of  traffic  is 
shown  on  Incl  li5.  (Note:  In  paragraphs  15  and  16,  items  3  and  were 
failed  after  200  passes;  however,  the  truck  was  not  stopped  on  the  test 
section  but  trafficked  from  one  approach  to  the  other  approach.)  The 
M5**  truck  on  items  1  and  2  is  shown  on  Incl  U6. 

Test  section  2 

18.  This  test  section  was  constructed  in  the  same  location  and  prepared 
in  the  same  manner  as  that  mentioned  for  test  section  1  in  paragraph  6. 

The  depth  of  the  sand  was  the  same,  however,  this  section  covered  an 
area  80  ft  long  and  20  ft  wide  and  consisted  of  items  5-8  as  shewn  on 
Incl  ii7.  Items  5  and  6  contained  the  6-in.  cell,  li-in.  depth  aluminum 
honeycomb  grid  both  without  and  with  Kevlar  membrane,  respectively. 

Items  7  and  8  contained  the  6-in.  cell,  8  in.  depth,  aluminum  honeycomb 
grid  with  and  without  Kevlar  membrane.  An  approach  was  provided  at  each 
end  of  the  test  section  to  provide  a  maneuver  area  for  the  test  vehicle 
during  application  of  traffic.  The  M5^  truck  used  to  traffic  test  section  1 
was  also  used  for  these  tests. 

19.  Ur’.expandcd  slabs  of  the  6- in.  cell,  8-in.  depth,  and  6-in.  cell, 
li-in.  depth,  are  shown  on  Incl  !»8.  These  grids  were  expanded,  anchored, 
and  filled  with  sand  as  described  for  the  6-in.  cell,  6-in.  depth  grid 
in  paragraphs  7  and  9.  These  grids  required  about  the  same  amount  of 
installation  time  as  did  the  6-in.  derth  grid.  A  close  up  of  the  U-in. 
and  3-in.  dcct'r.  cells  after  expansion  is  shown  on  Incls  h 9  and  50,  respec¬ 
tively.  The  cells  were  filled  with  sand  and  a  2-in.  layer  of  sand  was 
placed  over  the  top  edges  of  the  grids.  The  test  section  prior  to 
traffic  is  shown  on  Incl  51. 

20.  Elevation  measurements  (cross  section  and  profile)  of  the  test  sec¬ 
tion  surface  were  recorded  before,  during,  and  after  traffic  to  determine 
permanent  deformation  of  the  test  section  and  to  reveal  the  amount  of 
roughness.  The  profile  readings  wore  taken  along  the  wheels  pate  of  the 
test  item.  Visual  observation  cf  the  test  section  and  materials  were 
recorded  throughout  the  period  of  traffic  and  supplemented  by  photographs . 

21.  The  test  section  after  ten  passes  is  shown  on  Incl  52.  Some  rutting 
and  compaction  of  the  sand  and  grids  had  occurred.  Several  areas  whore 
the  grids  had  moved  under  traffic  in  item  5  are  noted  on  the  rhotogranh. 
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There  was  no  other  visible  evidence  of  movement  or  deformation  of  the 
grids.  However,  when  the  sand  was  removed  from  the  top  of  some  of  the 
grids  in  one  wheel  path,  some  deformation  and  torn  areas  were  observed. 
Details  of  the  individual  items  are  given  in  the  following  paragraphs. 

22.  Item  5,  6-in,  cell,  ^-in.  death  aluminum  grid.  The  surface  of  this 
item  was  rutted  as  much  as  S.3  in.  after  ten  passes  of  traffic  (incl  53)- 
Sand  was  removed  from  the  top  of  some  of  the  grid  in  one  wheel  path. 

The  walls  of  the  grid  at  the  top  were  slightly  bent  (incl  5^*).  As  traf¬ 
fic  was  continued,  the  depth  cf  the  ruts  increased  and  the  movement  of 
the  grid  at  the  center  of  the  item  had  also  increased  at  500  passes 
(incl  55).  There  was  no  other  visible  evidence  that  the  grids  were  de¬ 
teriorating;  however,  when  the  sand  was  removed  from  the  cells,  more 
bending  had  occurred  along  with  tearing  of  the  cell  walls  beneath  the 
wheel  path  (incl  56).  Traffic  was  continued  until  1000  passes  were  com¬ 
pleted.  The  rut  depth  at  this  time  v/as  6.7  in.;  some  of  the  grid  had 
worked  out  of  the  sand  between  the  wheel  paths,  and  the  grids  had  failed 
in  the  wheel  paths.  The  cells  were  no  longer  confining  the  sand  (incl  57). 
The  cross  section  (incl  53)  and  profile  (Tncl  59)  data  show  that  the 
majority  of  the  change  in  elevation  occurred  in  the  first  ten  passes  with 
slight  changes  between  10  to  200  and  200  to  1000  passes. 

23.  Item  6,  6-in.  cell,  h-in.  denth,  aluminum  grid  on  membrane.  The 

surface  of  this  item  was  rutted  as  much  as  in.  after  ten  passes  of 

traffic  (incl  60).  Sand  was  removed  f ron  the  top  of  some  of  the  grid  in 
one  wheel  path.  The  walls  of  the  grid  at  the  top  were  slightly  bent 
similar  to  the  grid  in  item  5.  As  traffic  was  continued,  the  depth  of 
the  ruts  increased  and  at  500  passes  was  7.3  in.  The  grid  in  this  item 
had  failed  after  500  passes  (Incl  6l)  as  it  was  no  longer  effective  in 
confining  the  sand.  Pieces  of  the  grid  are  circled  on  this  photograph. 

Sand  vas  removed  from  the  ton  of  some  of  the  grid  in  one  wheel  path. 

The  cells  were  almost  completely  crushed  and  some  of  the  cell  walls 
were  separated  from  the  grid  section  (ir.cl  62),  The  surface  of  the  mem¬ 
brane  in  the  wheel  path  beneath  the  !i-in.  grid  is  shown  on  Incl  63.  The 
action  of  the  grid  on  the  membrane  abraded  the  neoprene  coating;  however, 
no  holes  were  cut  or  torn  in  the  fabric  of  the  membrane.  The  cross  sec¬ 
tion  (incl  6U)  and  profile  (Tncl  65)  data  show  that  the  majority  of  the 
changes  in  elevations  occurred  in  the  first  ten  passes  with  additional 
changes  between  10  to  200  and  200  to  500  passes. 

2U .  Item  7,  6-in.  cell,  H-in.  depth  aluminum  grid  on  membrane.  The  sur¬ 
face  of  this  item  was  rutted  as  much  as  3.6  in.  after  ten  passes  of  traf¬ 
fic  (incl  66).  Sand  was  removed  from  the  top  of  some  of  the  grid  in  one 
wheel  path  for  inspection.  The  tops  of  the  walls  of  the  cells  were 
slightly  bent  similar  to  the  grid  in  item  5.  As  traffic  was  continued, 
the  depth  of  the  ruts  increased.  Traffic  was  continued  until  1000  passes 
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were  completed  (Incl  67).  The  item  was  still  in  good  condition,  and  the 
truck  did  not  have  any  difficulty  trafficking  the  item.  The  rut  depth 
had  increased  to  U.6  in.  The  top  edges  of  the  grid  in  the  wheel  paths 
had  bent  over,  and  there  was  some  separation  and  torn  grids  at  the  glue 
line  between  the  cell  walls  (incl  68).  The  cells  adjacent  to  the  wheel 
paths  were  not  deformed  nor  torn  at  the  glue  line  between  individual 
cells.  The  cross  section  (Incl  69)  and  profile  (incl  70)  data  show  that 
the  greatest  change  in  elevation  occurred  during  the  first  ten  passes  with 
additional  changes  between  10  to  200  and  200  to  1000  passes. 

25.  Item  8,  6-in.  cell,  8-in.  denth,  aluminum  grid.  The  surface  of  this 
item  was  rutted  as  much  as  3.6  in.  after  ten  passes  of  traffic  (Incl  71). 
Sand  was  removed  from  the  top  of  some  of  the  grid  in  one  wheel  path.  The 
tops  of  the  walls  of  the  cells  were  slightly  bent  similar  to  the  grid  in 
item  5-  As  traffic  was  continued,  the  depth  of  the  ruts  increased.  Traf¬ 
fic  was  continued  until  1000  passes  were  completed  (incl  72).  The  item 
was  still  in  good  condition,  and  the  truck  did  not  have  any  difficulty 
trafficking  the  item.  The  rut  depth  had  increased  to  U.9  in.  The  top 
edges  of  the  walls  of  the  cells  in  the  wheel  paths  were  bent  over,  and 
there  were  some  torn  grids  at  the  glue  line  between  the  cell  walls 

(incl  73).  This  condition  was  more  pronounced  than  in  item  7  where  the 
membrane  was  placed  beneath  the  grids.  The  cells  adjacent  to  the  wheel 
paths  were  not  deformed  nor  torn  at  the  glue  line  between  individual 
cells.  The  cross  section  (Incl  7*0  and  profile  (incl  75)  data  show  that 
the  greatest  change  in  elevation  occurred  during  the  first  ten  passes 
with  additional  changes  between  10  to  200  passes  and  200  to  1000  passes. 

26.  An  overall  view  of  the  test  section  with  items  5-8  after  1000  passes 
of  traffic  is  shown  on  Incl  76. 

Test  section  3 


w 
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27.  In  order  to  obtain  a  direct  comparison  between  a  loosely  placed  sand 
subgrade  without  any  reinforcing  materials  on  top  of  the  surface  and  test 
sections  with  reinforcing  materials,  a  section  of  loosely  placed  sand, 

20  in.  deep,  was  prepared  (Incl  77).  Fiber-glass  panels  of  open  grating 
design,  which  are  shown  on  the  test  section,  were  also  subjected  to  the 
truck  traffic.  Traffic  was  applied  with  the  M5^  truck  with  20,000-lb 
gross  weight.  The  section  after  two  passes  is  shown  on  Incl  78.  The  rut 
depth  on  the  unsurfaced  portion  was  7  to  8  in.  After  two  passes,  the 
fiber  glass  panels  were  rotated  90  deg  to  the  way  they  are  shown  on  Incl  77. 
After  50  passes,  the  rut  depth  on  the  unsurfaced  sand  (Incl  79)  varied 
from  11  to  12  in.,  and  the  rear  housing  of  the  truck  was  touching  the  sand 
subgrade.  The  section  was  reworked  and  leveled  (Incl  80).  The  gross 
weight  and  tire  pressure  of  the  truck  were  increased  to  140,000  lb  and 
70  psi,  respectively,  and  traffic  was  resumed.  The  loaded  M5^t  truck 
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became  immobilized  in  the  loose  snnd  in  an  attempt  to  make  on  pass 
through  the  test  section  (incl  3l ) .  The  truck  vent  only  about  20  ft  in 
the  loose  sand  prior  to  being  immobilized,  and  the  rut  depth  vas  greater 
than  12  in.  Inclosure  32  shows  the  test  section  after  the  truck  was  re¬ 
moved.  Several  areas  where  the  undercarriage  of  the  truck  had  touche  1 
the  subgrade  can  be  seen,  on  this  photograph.  A  summary  of  the  results 
of  tests  on  unsurfaced  and  surfaced  sand  subgrade  is  given  on  Incl  8?. 

28.  Results  of  this  investigation  are: 

a.  The  load  that  grid  samples  vill  withstand  in  laboratory  tests 
is  increased  by  placing  a  membrane  beneath  the  grids.  The  aluminum, 

6-in.  hexagon  cell  grid  in  the  U  and  6  in.  depths  with  membrane  added 
more  strength  to  sand  than  did  the  other  sizes  and  depths  of  grids  either 
with  or  without  membrane. 


b.  The  6-in.  hexagon  cell,  6- in.  depth  paper  honeycomb  grid  tested 
both  with  and  without  membrane  absorbed  moisture  from  the  sand  and  failed 
after  200  passes  of  traffic  with  the  M5^  cargo  truck  (20,000  lb  gross 
weight)  with  tires  inflated  to  35  psi.  The  rut  depth  with  and  vithout 
membrane  was  10.8  and  9  in.  The  grid  was  no  longer  effective  in  confining 
the  sand. 

c.  The  6-in.  hexagon  cell,  it-in.  depth  aluminum  honeycomb  grid 
tested  with  membrane  was  failed  after  500  passes  of  traffic  with  the 
M5U  cargo  truck  (20,000  lb  gross  weight)  with  tires  inflated  to  35  psi. 

The  rut  depth  was  7-3  in.  The  grid  was  no  longer  effective  in  confining 
the  sand.  This  same  size  grid  without  membrane  was  failed  after  1000  passes 
of  traffic  with  the  M51*  truck  and  was  no  longer  effective  in  confining 

the  sand.  The  rut  depth  was  6.7  in.  Since  the  grid  without  the  membrane 
sustained  more  traffic  than  the  grid  with  the  membrane,  the  membrane  was 
considered  detrimental  to  the  U-in.  depth  grid. 

d.  The  6-in.  hexagon  cell,  6-in.  depth  aluminum  honeycomb  grid 
tested  with  and  without  membrane  was  serviceable  and  confined  the  sand 
after  1000  passes  of  traffic  with  the  M51*  cargo  truck  (20,000  lb  gross 
weight)  with  tires  inflated  to  35  psi.  The  rut  depth  with  and  without 
membrane  was  7.2  and  7.7  in. 

e.  The  6-in.  hexagon  cell,  8-in.  depth,  aluminum  honeycomb  grid 
tested  with  and  without  membrane  was  serviceable  and  confined  the  sand 
after  1000  passes  of  traffic  with  the  M5^  cargo  truck  (20,000  lb  gross 
weight)  with  tires  inflated  to  35  psi.  The  rut  depth  with  and  without 
membrane  was  h.6  and  h.9  in. 
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28.  Conclusions  and  recommendations  are  as  follows: 

a.  The  strength  of  the  grids  when  tested  in  the  laboratory  were 
increased  by  using  a  membrane  beneath  the  grids. 

b.  The  laboratory  test  give  an  indication  of  what  materials  or 
combination  of  materials  are  the  strongest  when  tested  with  a  loading 
head  that  simulates  the  tire  print  of  a  single  wheel  of  the  M5*»>  5-ton 
cargo  truck,  however,  to  fully  evaluate  a  material  or  combination  of 
materials  for  use  on  the  bridge  access/egress  application,  tests  with 
the  moving  vehicle  must  be  conducted. 

c.  The  paper  grid,  impregnated  with  9  percent  phenolic  resin,  with 
and  without  membrane,  and  the  aluminum  6-in.  hexagon  cell,  1*  in.  deep, 
with  and  without  membrane  provided  some  added  strength  to  the  sand  sub¬ 
grade  since  the  test  sections  with  the  sand  reinforced  with  these  mate¬ 
rials  sustained  more  traffic  than  when  th-^re  were  no  reinforcements 
(see  Incl  83  for  summary  of  passes  and  rut  depths).  However,  since 
these  materials  failed  during  this  investigation  and  were  considered 
ineffective  in  adequately  confining  the  sand,  no  further  tests  are 
recommended. 


d.  The  aluminum  6-in.  hexagon  cell,  8  in.  depth  grid  with  and 
without  membrane  provided  more  strength  to  the  sand  subgrade  than  did 
the  other  grids  and  membrane  combinations.  This  grid  with  and  without 
membrane  sustained  1000  passes  of  the  M51*  truck  and  was  still  traff ickable. 
The  rut  depth  of  this  grid  with  and  without  membrane  after  1000  passes 
was  only  U.6  and  4.9  in.  The  rut  depths  for  the  unsurfaced  sand  and 
other  grid/membrane  combinations  used  for  reinforcement  were  much  greater 
(incl  83).  However,  except  for  the  aluminum  6-in.  hexagon  cell,  6-in.  depth 
grid,  the  other  materials  had  failed  at  1000  passes  or  less.  Although 
the  rut  depth  for  the  aluminum  6-in.  cell  6- in.  depth  grid  with  and 
without  membrane  after  1000  passes  of  traffic  was  7.2  and  7.7  in.,  these 
materials  remained  traffickable.  The  rut  depth  at  which  the  undercarriage 
of  the  M5^  drags  the  subgrade  and  becomes  immobile  is  between  11  and  12  in. 


e.  It  is  recommended  that  traffic  tests  with  the  M5^  cargo  truck 
with  highway  loading  conditions  (k0,000  lb  gross  weight)  and  tires 
inflated  to  70  psi)  be  conducted  on  aluminum  6-in.  hexagon  cell,  6  and 
8  in.  depth  grids  both  with  and  without  Kevlar  membrane  placed  on  a  loose 
sand  subgrade  and  a  weak  ( 1—2  CBR )  clay  subgrade  with  the  cells  filled  with 
loose  sand  in  order  to  fully  evaluate  these  materials  for  bridge  access/ 
egress  application. 
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Fabric  Tentin' 


Product:  Kevlar  Fiber  -13  (DE  8473) 
Manufacturer:  Reeves  Brothers,  Inc. 


Test  and  Unit  of  Measure 


Test  Method 


Test  Results 


Weight,  oz  per  sq  yd 


Fed.  Test  Method  Std. 
No.  191,  Method  504l 


15.95 


Thickness,  inches 


Fed.  Test  Method  Std. 
No.  191,  Method  5030 


.013 


Breaking  Strength,  Grab,  lb 


ASTM  D-1682-64 


Apparent  Elongation  §  Break, 


ASTM  D-1682-64 


Warp 

Fill 


51 

41 


Warp 

Fill 


6 

7 


Tear  Strength,  Tongue,  lb 


ASTM  D-2261 


Warp  -  6 

Fill  -  1+9 


Bursting  Strength,  Ball ,  psi 


ASTM  D-751-72 


263 


Joint  Strength,  lb 


7l+0 


Note:  All  breaks  were  in  fabric;  no  breaks  in  joint 
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APPENDIX  G 


MEMORANDUM  FOR  RECORD- -EVALUATION  OF  BORDEN  AND 
IKG  FIBERGLASS  PANELS  FOR  BRIDGE  ACCESS/ 
EGRESS  APPLICATIONS 


DEPARTMENT  OP  THE  ARMY 

WATERWAYS  EXPERIMENT  STATION.  CORPS  OF  ENGINEERS 
P  O  BOX  631 

VICKSBURG  MISSISSIPPI  39160 


91  August  1979 


.•e-joraijdum  foe  record 

SUBJECT:  Evaluation  of  Borden  and  IKS  Fiberglass  Panels  for  Bridge 

Access /Egress  Applications 


1.  Reference  V.'ESGS  Memorandum  for  Record  dated  L  October  197",  subject: 
Traffic  Tests  on  MSA1  and  M19  Landing  Mats  with  and  without  TIT  Mer.br'.i," 
Underlay  for  Tactical  Bridge  Access/Egress  Applications. 

2.  During  the  period  of  July-August  1973,  both  laboratory  and  traffic 
tests  were  conducted  at  the  VIES  on  Borden  and  IMG  fiberglass  panels. 
These  investigations  were  conducted  to  determine  the  suitability  of 
these  materials  as  potential  soil  strengthening  materials  for  bridge 
access/egress  applications.  It  was  envisioned  that  th°  use  of  these 
materials  would  decrease  the  present  time  in  preparing  access/egress 
in  gap  crossing.  Therefore,  during  all  evaluations,  there  was  no 
special  subgrade  preparation  nor  was  there  any  compaction  effort  applied 
to  the  soil  placed  in  the  openings  of  the  panels.  Materials  used  in 
these  tests  are  described  as  follows: 

a.  3or jen  fiberglass  tanel.  This  fiberglass  panel  is  made  of  com¬ 
pletely  wetted,  continuous,  glass  fibers  combined  with  a  fire-retardant 
polyester  resin.  Angular  silica  particles  are  part  of  the  resin  for  a 
built-in,  slip-resistant  surface.  Panel  site  is  h  ft  wide  by  12  ft  Icr.r 
by  1  in.  thick  with  openings  of  1  by  h  in.  Panel  weight  is  130  lb  or 
2.7  lb  per  so  ft  (Incl  1). 

b.  IMG  fiberglass  rar.el.  This  fiberglass,  panel  is  made  of  70  per¬ 
cent  by  weight  fiberglass  reinforcement,  wetted,  and  coated  with  poly¬ 
ester  resin,  preheated  and  pulled  through  a  funnel-shaped  die  entrance 
which  exerts  high  pressures  to  densify  the  composite  and  further  imp  rer- 
nates  the  bundles  of  fiber  and  eliminates  voids.  This  process  is  called 
pultrusion.  Panel  site  is  3  ft  wide  by  13  ft  lonr  by  1  in.  to i ok  with 
openings  7/3  by  9-9/3  in.  Panel  weight  is  97  lb  or  2.5  lb  : or  si  ft 

' Incl  °) . 

c.  :1 pvlar  - 1  r  This  membrane  is  fabricate!  from  h.-vla-  ryn- 

thotic  rr.fitrri'il  Tr/i  ir>  r,ovrTfi  l  ~  n  r- *7. c h  sicio  wil-hi  ri  '2  \  n  ■  \*  .  v  ( . 

This  material  war.  9.513  in.  thick  with  a  weight  of  1 .  "■  -r.  :  r  :  ft.  I* 
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was  supplied  in  15-  by  Uo-ft  sections  with  a  weight  of  67  lb.  The  fiber¬ 
glass  panels  and  membrane  as  described  above  are  "off-the-shol  f"  type 
items  that  were  procured  from  :<orden  Metal  Products  Company,  Biming.lrin, 
Alabama;  IKG  Industries,  Nashville,  Tennessee;  and  Peeves  Bros.,  Inc., 
Rutherfordton ,  North  Carolina,  respectively.  The  panels  did  not  contain 
end  or  edge  connectors  for  positive  connection  between  panels. 

Laboratory  Tests 

3.  Samples  of  the  fiberglass  panels  were  tested  in  the  laboratory  with 
a  model  1116  Instron  testing  machine  with  a  99,000-lb  capacity.  The 
test  load  was  applied  at  a  speed  of  0.5  in.  per  minute,  and  a  stress- 
strain  curve  was  recorded  for  each  test  specimen.  The  specimens  were 
cut  to  fit  within  a  test  box  which  was  98  in.  wide  by  9?  in.  long  by 
11-1/2  in.  deep.  The  size  of  the  box  which  held  the  sand  and  test  speci¬ 
mens  was  based  on  the  physical  size  of  the  test  machine.  Land  was  placed 
to  a  depth  of  3  in.  in  the  box  prior  to  placing  the  test  specimen.  After 
the  specimen  was  placed  in  the  box,  the  voids  were  filled  and  approxi¬ 
mately  2  in.  of  sand  was  placed  over  the  top  of  the  specimen.  A  typical 
test  setup  prior  to  testing  is  shown  on  Incl  3.  The  load  head  was  fabri¬ 
cated  from  a  3A-in.  steel  plate  placed  on  top  of  a  l/h-in.  plywood  plate 
sandwiched  between  rubber  pads  (incl  3)  to  simulate  a  tire  print  (approxi¬ 
mately  93  sq  in.)  of  an  M5^  5-ton  truck. 

I*.  The  fiberglass  panels  were  subjected  to  tests,  both  with  and  without 
Kevlar  membrane  placed  beneath  the  panels.  Tests  were  also  conducted  on 
river  and  concrete  sand  without  any  reinforcing  materials.  Concrete  sand 
was  used  for  the  laboratory  tests  and  also  for  the  traffic  tests  as  it 
was  more  readily  available,  and  it  is  similar  to  river  sand  (Iricl  b) . 
Load-deflcction  curves  for  the  sand,  and  the  fiberglass  panel  materials 
are  shown  on  Incls  5  and  6,  respectively.  Various  laboratory  tests  were 
also  conducted  on  the  Kevlar  membrane  alone.  Results  of  these  tests  are 
given  on  Incl  7. 


5.  A  summary  of  the  laboratory  tests  conducted  on  sand  and  t 
glass  panels  is  given  on  Incl  8.  Hie  deflection  at  6099-lb  1 
for  each  item  tested.  This  load  was  used  for  comparison  sine 
the  equivalent  single-wheel  load  of  the  dual  tan  Ion  wheel  Ion 
M5l*  5-tor.  cargo  truck  with  gross  weight  of  to, 9 00  lb.  The  dc- 
the  I KG  panel  with  membrane  at  the  6090-11;  load  was  slightly 
(9.10  in.)  than  the  panel  without  membrane,  however,  the  ief 
-.he  Borden  panel  with  membrane  was  slightly  more  (9.9-t  in.)  ’ 
panel  without  membrane.  At  maximum  load,  the  panel.-  with  the 
surr.orted  fr.is  load  with  less  deflection  than  the  panels.  w:t:i 
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level  the  S' ‘.n't  over  the  panels.  A  view  o *  he  completed  t*-.'.t  section 
is  shown  on  Incl  ,71.  This  evaluation  of  the  fiberglass  panel  ',  and  com¬ 
binations  with  membrane  were  trafficked  with  th.e  test  vhicle  (.79,  >99  lb 
gross  load)  described  in  rurapro.rh  9.  Elevation  measurement.:  of  the 
test  .lection  surface  (cross  section  and  profile)  were  recorded  before, 
during,  and  after  traffic  to  determine  permanent  deformat i >n  of  t.he  test 
seeticr.  and  to  reveal  the  ,anoant  of  roughness.  The  profile  readings  were 
taker,  along  the  wheel  paths  of  the  test  vehicle.  Visual  observation  of 
the  test  materials  were  recorded  throughout  the  period  of  traffic  and 
.supplemented  by  photographs. 
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10.  Item  1,  Borden  fiberglass  panels  wi~.ii.mt  membrane.  The  surface  of 
item  1  was  rutted  up  to  7.7  in.  after  10  passes  (incl  73).  The  action 
of  the  test  vehicle  on  the  panels  caused  some  compaction  and  removal  of 
the  sand  from  the  panels.  As  traffic  continued,  the  panels  began  to  work 
out  of  the  sand.  At  200  passes  (incl  7b),  all  but  one  of  t.he  panels  had 
come  out  of  the  sand  and  movement  of  the  panels  had  occurred.  The  panels 
were  in  good  condition  except  for  one  panel  where  some  abrasion  had  oc¬ 
curred  (incl  25).  The  cross  section  (Incl  7o )  and  profile  (incl  27)  data 
show  the  condition  of  the  surface  of  the  test  item  as  a  result  of  the 
traffic.  In  an  attempt  to  fully  evaluate  the  panels,  the  panels  were 
removed,  the  sand  subgrade  reprocessed  and  the  panels  again  placed  on 
the  test  section.  To  simulate  an  anchorage  system,  steel  weights  were 
placed  along  the  ends  of  the  panels.  The  panels  ivr o  then  covered  with 
2  in.  of  sand  (incl  28),  and  traffic  was  continued.  After  10  masses  of 
traffic  (incl  29),  there  was  some  movement  of  the  sand  at  the  edges  of 
adjacent  panels  in  the  wheel  paths  of  the  vehicle.  As  traffic  was  con¬ 
tinued,  the  action  of  the  wheels  of  the  test  vehicle  caused  the  sand  to 
go  through  the  openings  ir.  the  panels.  Some  of  ttiis  sand  was  forced 
from  the  wheel  paths  toward  the  panel  ends;  however,  the  majority  of  the 
sand  moved  toward  the  center  of  the  panels.  After  500  nasses  (700  total ) 
(Incl  30),  the  center  of  the  test  section  was  0.8  in.  higher  than  at  zero 
passes  reconstructed  (Incl  76,  cross  section  data).  The  panels  were 
bridging  the  sand  subrra-.ie  as  much  as  3  iri.  (incl  31)  in  the  wheel  paths. 
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bridging  the  sand  subgrade  in  the  wheel  pat  hr,  by  as  much  as  1-5/8  in. 

(Inol  3M .  The  panels  were  still  in  good  condition,  and  there  were  no 
failures.  The  maximum  change  in  cross  section  (  Tnci  76)  and  profile 
( Incl  27)  between  500  and  1009  passes  was  0.0  ami  1.7  in.,  respect i ve 3 v . 

11.  Item  2,  3orden  fiberglass  panels  with  menbra;ie.  The  surface  of  Mi  is 
item  after  10  passes  of  traffic (incl  35)  was  rutted  an  much  as  2  in. 

The  sand  was  removed  from  the  panels  due  to  the  action  of  the  test  vehicle 
as  traffic  was  applied.  After  TOO  parses  (Incl  36),  some  of  the  panels 
had  worked  out  of  the  sand,  and  two  of  the  panels  had  shifted  approximately 
12  in.  from  their  original  position.  The  membrane  underneath  the  panels 
in  this  item  prevented  some  movement  of  both  the  panels  and  sand,  an  com¬ 
pared  to  item  1  without  the  membrane.  The  cross-section  (incl  37)  and 
profile  (Incl  35)  data  show  the  surface  roughness  of  this  test  item  as 
a  result  of  the  traffic.  After  200  passes,  the  panels  and  membrane  iri 
this  item  were  removed,  the  subgrade  reprocessed,  ar.l  the  membrane  and 
panels  relaid  on  the  test  section.  The  panels  were  tnen  covered  with 
2  in.  of  sand  and  traffic  was  continued.  There  was  some  movement  of  the 
sand  at  the  edges  of  adjacent  panels  in  the  wheel  paths  of  the  vehicle 
after  10  passes  of  traffic  (Incl  39).  The  sand  continued  to  move  under 
the  action  of  the  test  vheicle  arid  after  500  passes  (700  total)  (incl  liO), 
the  panels  did  not  have  any  sand  on  then.  The  sand  had  worked  its  way 
toward  the  center  and  edges  of  the  test  section.  In  the  wheel  paths, 
the  panels  were  bridging  the  subgrade  3  to  1  in.  The  center  of  the  test 
section  was  0.9  in.  higher  than  at  rrero  passes  reconstructed  (incl  35, 
cross-section  data).  The  combination  of  the  high  center  and  shift  of  the 
anchor  weights  caused  the  panels  to  bow.  The  change  in  the  profile  data 
from  0  to  500  passes  reconstructed  was  small  (Incl  38).  There  were  no 
failures  in  this  item,  and  the  panels  were  again  overfilled  with  2  in. 
of  sand  as  was  item  1.  Traffic  was  continued  for  an  additional  500  passes 
(1000  total)  (Incl  ll).  The  sand  had  moved  from  the  top  of  the  panels 
toward  the  center  and  edges  of  the  test  item.  The  panels  were  bridging 
the  sand  subgrade  by  as  much  as  1-3/1*  in.  in  the  wheel  paths.  The  panels 
were  in  good  condition,  and  there  were  no  failures.  The  maximum  change 
in  cross  section  (incl  37)  and  profile  (Incl  38)  between  500  and  1000 
passes  was  1.6  and  1.3  in.,  respectively.  The  membrane  beneath  the  Borden 
panels  in  this  item  provided  only  slight  benefit  as  compared  to  the  panels 
in  item  1  without  membrane.  The  change  in  cross  section  and  profile  in 
item  1  was  7.0  and  1.7  in.,  respectively. 
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12.  Iter  3,  I'll  fiberrlass  naruflr  with  mombruniy  Thin  item  after  10 
parses  of  traffic  is  shown  or.  Incl  -'.2.  The  rut  depth  varied  un  to 

,?.3  in.  However,  as  traffic  was  applied,  the  action  -f  the  test,  vehicle 
on  the  panels  caused  some  compaction  and  removal  of  the  sand  ^ron  the 
panels.  After  TOO  passes  of  traffic  (Incl  1; 3 ) ,  all  but  one  of  the  panels 
had  worked  out  of  the  sand  and  had  shifted  on  the  test  section.  The 
cross-section  ( Incl  IA)  and  profile  (Xnel  !i5)  data  show  the  chanp.es  which 
occurred  in  the  item  as  a  result  of  the  traffic.  There  was  some  abrasion 
of  the  panels  at  the  edges  caused  by  the  rods  which  were  part  of  the  basic 
panels.  These  rods  extend  through  the  panel  about  3/1*  in.,  and  the  rubbing 
action  against  the  adjacent  panels  caused  the  abrasion.  Several  of  these 
areas  are  marked  on  Incl  h3.  The  glue  bond  between  some  of  the  rods  and 
other  members  (bars)  of  the  panels  had  failed.  Although  the  bond  failure 
allowed  some  of  the  bars  to  shift,  the  panels  were  not  considered  failed. 
The  panels  and  membrane  were  removed,  the  sand  subgrade  reprocessed,  and 
the  membrane  and  panels  were  again  placed  on  the  test  section.  To  simu¬ 
late  an  anchorage  system,  steel  weights  were  placed  along  the  ends  of  the 
panels.  The  panels  were  then  covered  with  2  in.  of  sand  (incl  1+6),  and 
traffic  was  continued  for  an  additional  300  passes  (1000  total)  (Incl  1*7). 
The  rut  depth  ranged  up  to  3.1+  in.  The  sand  was  removed  in  the  wheel  paths 
of  four  of  the  seven  panels  in  the  item.  This  sand  under  the  action  of  the 
wheels  of  the  test  vehicle  went  through  the  openings  in  the  panels  and  also 
was  forced  toward  the  Danel  ends  and  toward  the  center  of  the  test  item. 
There  were  some  splits  in  the  bars  of  the  panels  in  the  wheel  paths. 

These  are  marked  on  Incl  1*7-  However,  the  panels  were  not  considered 
failed  after  1000  passes.  The  maximum  change  in  cross  section  (Incl  1+1*) 
and  profile  (Incl  1*5)  between  700  and  1000  passes  was  2.7  and  1.9  in., 
respectively. 

13.  Item  1*,  IKG  fiberglass  panels  without  membrane.  The  surface  of  this 
item  after  10  passes  of  traffic  (Incl  1*8)  was  rutted  as  much  as  2.8  in. 

The  action  of  the  test  vehicle  wheel  caused  some  of  the  sand  to  be  re¬ 
moved  from  some  of  the  panels.  As  traffic  was  continued,  the  panels  worked 
out  of  the  sand.  The  panels  after  700  passes  of  traffic  are  shown  on 

Incl  1*9.  They  were  in  good  condition  except  for  abrasion  at  the  panel 
edges  (marked  on  Incl  1*9  and  close-up  shown  on  Incl  50 ).  This  abrasion 
was  caused  by  the  panel  rods  that  extend  at  the  edges,  rubbing  against 
the  adjacent  panels  as  the  test  vehicle  wheel  passed  over  the  panels. 

The  cross-section  (incl  51)  and  profile  (incl  52)  data  show  the  changes 
which  occurred  in  this  item  as  a  result  of  traffic.  The  panels  in  this 
item  were  removed  as  in  item  3,  the  subgrade  reprocessed,  and  the  panels 
again  placed  on  the  test  section.  Steel  weights  were  placed  along  the 
edges  of  the  panels  as  in  item  3,  the  subgrade  reprocessed,  and  the 
panels  again  placed  on  the  test  section.  Steel  weights  were  placed  along 
the  edges  of  the  panels  as  in  item  3  to  simulate  an  anchorage  system. 

The  panels  were  then  covered  with  2  in.  of  sand  (incl  1+6),  and  traffic 
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•  i'-L  ’jo .  measurements  w  i-ru  mu  :•■■  ana  in  :.ne  wue--j.  paths, 

rviaticins  of  as  much  as  '•*  in.  wore  recorded .  'The  weights  wore  r on. 

'tor  15**  par. sos  in  e:\ier  to  observe  the  action  of  the  ;  ant-Ls  under 
•a f f ie  on  low  strength  subgrade  without  weights.  As  traf  fi  r  was  c.u- 
.:.uod,  the  panels  deflected  under  the  wheel  load ,  and  the  .:ubgr-u-b*  woo 
•reed  toward  the  center  of  the  test  I tea  fr-r.  the  paths. .  Aft  .-r  the 
;st  vehicle  left  the  panels,  the  panels  returned  to  a  near  fiat  eond.i- 
.er:  and  wore  bridging  the  sub, trade  in  the  wheel  paths.  After  550  passes, 
;e  panels  had  shifted  on  the  test  section  (Tael  el),  i'he  v.>  nbraiie  was 
rrn  i n  the  wheel  paths  of  the  test  vehicle.  The  panels  were  bri  b-ir.g 
ie  subgrade  as  much  as  7  in.  in  the  wheel  paths  (duel  <  ').  "ros.s- 
•ction  ( Incl  58)  and  profile  (inel  59)  data  show  the  chances  in  elova- 
.or.  which  occurred  as  traffic  continued  from  1 5'*  to  5r,r>  passes  although 
lere  was  no  panel  failure.  As  the  truck  passed  over  the  panels,  the 
:dcr  carriage  of  the  truck  was  close  to  touching  the  panels  along  t ho 
;nter  line  of  the  item.  The  subgrade  was  rutted  in  the  wheel  paths  as 
me  of  it  had  worked  toward  the  center  of  the  section  and  thin  added 
)  the  bowing  of  the  panels  at  ‘.tie  center.  The  cross  section  ;f  the 
fsrrade  in  item  I  after  550  passes  is  sb  wr.  on  Incl  r'3. 

Item  P,  Hordon  fiberglass  ranels  with  r<  :.;br ane  b.-rieatii  t1’.-  sant-Is. 
tern  0  prior  to  traffic  is  shown  on  Incl  tv1:.  As  traffic  war,  applied, 

:.e  panels  deflected  under  the  wheel  load,  and  the  subgrade  began  to 
at  in  the  wheel  paths  and  build  up  near  the  center  of  the  section  fce- 
vver.  the  w'r.eel  paths.  The  weights  on  the  end  of  the  panels  prevented 
he  movement  of  sub grade  toward  the  edge  of  the  sec*  i  -m .  The  elevation 
easurer.ents  and  cross-section  ( Incl  c>)  and  :  rof  LK-  :.r~I  C')  lata  show 
ne  changer,  which  occurred  as  traffic  war.  applied.  The  i  ‘  cm  after  1>': 
asses  of  traffic  is  shown  on  lr.c'1  67.  The  panels  were  bridging  the 
ab grade  as  much  as  1  in.  in  the  wheel  paths.  A  typical  measurement 
s  shown  or.  Incl  68.  The  membrane  war.  not  torn  an  a  resul *.  of  the  tr.uf- 
ic.  However,  it  was  wrinkled  as  it  had  moved  toward  the  center  of  the 
■;st  item  under  the  action  of  the  load  wheel  on  the  panels.  Straight- 
ige  measurements  were  made  and  in  the  wheel  paths,  deviations  of  as 
uch  as  u  in.  were  recorded.  There  were  no  splits  nor  war,  there  any 
ail  cation  of  any  distress  in  the  ranels  after  ]  5-t  passer,.  The  weights 
ere  removed  as  they  were  in  item  1  after  ]rM  passes,  and  tra'1fi<'  was, 
--.rimed.  The  ranels  were  riot  connect'd  along  the  edges  since  they  did 
ot  have  integral  connectors,  and  they  shifted  under  the  action  if  the 
■/.:*,  v-.'nirle.  The  membrane  r.i.*ra*  '■ !  from  ‘hr  •„■  !ges.  of  the  m-rf  ion  toward 
;e  .•-•ntvr.  The  par,,; ir.  in  the  wh---h  •■at::  to  i  in  ‘  .v  sui.rrado 

■  t:.e  •.■►■hiolt-  passed  over  thorn,  however,  the  subgrade  in  ‘.hue  wheel 
tths  was.  rut ted ,  arid  the  panels  tended  to  return  to  their  fia*  ;••  si  ti'.n 
►  •■•rm  c.ent  set  an  a  result  "f  Ue  deflection  an  bsr  the-  I  >n  i  wh-  •  1) 
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cables  were  used  to  tie  the  panels  together  to  prevent  then  Iron  shitting 
on  the  test  iter,  and/or  separating.  As  traffic  was  continued,  the  edge 
members  of  two  panels  began  to  tear  away  from  the  body  of  the  panels. 
After  550  passes  (Inel  (?),  the  edge  members  were  split  and  torn  and 
traffic  was  discontinued.  The  test  vehicle  is  shown  on  Inel  70  (note 
that  the  differential  cf  the  vehicle  is  almost  touching  the  panels),  and 
a  close-up  of  one  of  the  failed  areas  is  shown  on  Tncl  71.  The  panels 
were  bridging  the  subgrade  an  much  as  7  in.  as  shown  on  this  iriclocure. 
The  changes  in  cross  section  and  profile  from  15**  to  550  passer,  are  shown 
on  Incls  65  and  66,  respectively.  The  cross  section  of  the  subgrade  for 
this  item  .after  55  passes  Is  shown  on  Inel  72.  The  cross-section  profile 
measurements  for  item  2  (with  membrane  beneath  panels)  between  0  and  15** 
passes  (weights  on  end  of  panels)  was  0.6  in.  less  than  that  for  iten  1 
(membrane  on  top  of  panels).  Both  items  had  about  the  sane  change  in 
cross  section  between  15**  (weights  removed)  and  550  passes  (2.1  in.  for 
item  1  and  2.3  in.  for  item  2).  The  change  in  profile  measurements  for 
item  2  between  15**  and  550  passes  was  0.3  in.  less  than  for  iten  1. 
Therefore,  with  the  membrane  placed  beneath  the  panels,  there  was  less 
change  in  elevation. 

15.  Item  ?,  IKG  fiberglass  uanels  with  membrane  beneath  the  ranc-ls. 

Item  3  prior  to  traffic  is  shown  on  Inel  73.  The  subgrade  beneath  the 
wheel  paths  rutted  as  traffic  was  applied.  panels  deflected  under 

the  wheel  load  and  tended  to  level  as  the  load  was  removed.  This  flexing 
of  the  panels  caused  the  glue  bond  between  the  rods  and  the  bars  of  the 
panels  to  fail.  The  bars  then  shifted  as  the  test  vehicle  trafficked  the 
panels.  The  subgrade  material  shifted  toward  the  center  of  the  section. 
The  panels  were  bridging  the  subgrade  as  much  as  !»-l/2  in.  at  15-  passes. 
Traffic  was  discontinued  at  15-  passes  ( Inel  7**)  as  the  panels  were  con¬ 
sidered  failed.  Epiits  in  the  tars  are  marked  on  this  inclosure.  Come 
of  the  bars  were  also  broken  (Inel  75).  Cross-section  (Inel  76)  and  pro¬ 
file  (inel  77)  measurements  show  the  changes  which  occurred  as  traffic 
was  applied.  The  panels  were  removed  from  the  test  iten  and  replaced 
with  landing  mat  so  that  traffic  could  continue  on  items  1  and  2. 

T‘  1* .  IK"!  fiberglass  nanels  with  membrane  on  ton  of  nanels.  A 
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was  rosioved  fror.  the  top  of  the  panels.  (I'.el  -1'  •' .  The  panel  r.  w 
and  broken  similar  to  those  in  i‘ cm  r7:i* •  tier::  rune  war  not 

ripped  as  a  result  of  the  failed  ran-"*'. .  Inri  sure  is  a  oh 
the  condition  of  the  :  an  el  a  in  one  •..•heel  rs*h. 


10.  Rosu 


this  investignt k  n  are  as  foil: 


a.  In  laboratory  tests  by  using  the  Borden  or  I  rid  panel  r  to  r- in- 
force  the  sand,  the  load-carry in;-  capacity  is  approximate !y  17  times  that 
of  tiie  sand  alone. 

b.  The  average  deflection  measurement  in  the  laboratory  tests  of 
the  IKG  panel  specimen  with  membrane  at  the  equivalent  s ingl ■—wheel  1  rid 
(oOOO  lb)  was  0.1  in.  less  than  that  for  a  panel  specimen  without  mem¬ 
brane.  However  at  the  maximum  load  (10,000  lb),  the  panel  specimen  with 
the  membrane  beneath  it  deflected  0.6  in.  less  than  the  panel  specimen 
without  membrane. 

c.  The  deflection  in  the  laboratory  tests  of  the  Borden  panel  speci¬ 
men  wit!;  membrane  at  the  equivalent  single-wheel  load  (6000  lb)  was  0.0‘t  in. 
more  than  it  was  for  the  panel  specimen  without  membrane.  At  the  maximum 
load  (50,000  lb),  the  panel  specimen  with  the  membrane  beneath  it  deflected 
0.1?  in.  less  than  the  panel  specimen  without  membrane. 

Test  section  1 

d.  The  T5-*  cargo  truck  with  20,000-lb  gross  load  and  tires  in¬ 
flated  to  35  psi  made  50  passes  on  a  loose  sand  subgrade  prior  to  the 
undercarriage  of  the  vehicle  dragging  the  subgrade. 

e.  The  M5-*  cargo  truck  with  1*0, 000- lb  gross  load  and  tires  inflated 
to  70  psi  could  not  make  any  passes  on  a  loose  sand  subgrade  as  it  became 
immobile  due  to  deep  wheel  ruts  and  contact  between  the  undercarriage  of 
the  vehicle  and  the  subgrade. 

Test  section  2 

f.  The  action  of  the  test  vehicle  (TO, 000- lb  gross  load)  after  000 
passes  on  the  Borden  panels  with  and  without  membrane  had  caused  the  panels 
to  work  out  of  the  sand.  Some  panels  had  gotten  on  top  of  each  other; 
therefore,  traffic  was  stopped  ar.d  the  section  reworked.  The  panels  were 
replaced  on  the  section,  steel  weights  were  added  along  the  edges  to  simu¬ 
late  an  anchorage  system,  and  the  panels  ’were  overfilled  with  P  in.  of 

3 ar.d.  After  an  additional  500  passes  ("00  total),  the  sand  no  longer 
covered  the  panels  in  the  traffic  lane.  The  panels  were  again  covered 
with  2  in.  of  sand,  and  traffic  continued  until  an  additional  500  parser. 
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g.  The  action  of  the  test  veil !  cl  e  1 70, '^V'-lb  .'f'.-r  ’.  a:'  after  7n 
passes  on  the  IMG  panel  with  an!  vitimst  m- mb ran"  ho:  .•vao-d  !  a 

to  work  out  of  the  sand,  forte  of  the  panel  r.  hat  rotten  r,  ' 
other ;  therefore,  traffic  was  stopped  and  tdv  a  ■'  i  r.  w ■!.  The  r- 
brane  and  rar.els  were  then  "iase  !  ->n  *  he  r; ,  ; 

along  the  edges  to  simulate  an  ait''h  .-rare  oyn*  and  • pane...:  war"  v 
filled  with  2  in.  of  sand.  An  additional  300  passes  ( 100J  ♦•••t.al)  of  tr 
fie  were  applied .  The  panels  with  the  membrane  were  st.il  1  t  safficabi e 
although  the  panels  were  out  of  the  sand  in  the  traffic  latte.  The  ;  at.e 
ends  remained  anchored  and  covered  vl ; h  rand.  The  panels  vi th  -ut  the 
membrane  were  also  t.rafficablo  and  remained  covered  with  sand.  The  ::..a>; 
nun  change  in  cross  section  and  profile  for  the  Till  panels  without  mem¬ 
brane  was  2.9  and  1.8  in.,  respect  i  vc*ly .  The  maximum  change  ii.  cross 
section  and  profile  with  membrane  was  2.7  and  1.9  in.,  respectively. 


'Test  section  3 

h.  The  IMG  panels  both  with  membrane  on  tor  of  and  beneath  the 
panels  were-  failed  after  1 3’;  passes  of  the  test  vehicle  with  J»0, 000-lb 
gross  loa-d  on  a  clay  subgrade  with  a  C3R  of  1.6. 

i.  The  Borden  panels  with  membrane  on  top  of  the  panels  were  not 
failed  alt!.:,  ugh  they  were  bridging  the  subgrade  in  the  wheel  paths  by 
as  much  as  7  in.,  and  they  had  shifted  on  the  subgrade  -after  590  passes 
of  the  test  vehicle  (-.0, 090-lb  gross  load),  .however,  the  membrane  was 
failed  in  the  vehicle  wheel  oaths  as  it  was  torn. 


,i .  The  Borden  panels  with  membrane  beneath  the  panels  failed  afto 
550  passes  of  traffic.  These  panels  failed  along  the  edges  whore  they 
were  fastened  together  with  steel  cables  to  prevent  them  from  shifting 
after  the  stec-l  anchor  weights  w ere  removed.  The  panels  were  bridging 
the  subgra.le  as  much  as  7  in.  in  the  wheel  paths,  and  they  had  shifted 
on  the  subgrade  when  traffic  was  discontinued.  The  membrane  was  not 
torn  as  n  result  of  the  traffic. 
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n  August  1979 

Kvu'.  ua*  isi.  ^  Borden  and  I  KG  Fib  erf.  lass  Panels  for  bridge 
Hfr---.'.'  A:-:  lira*  ions 

.'1 .  Conclusions  arid  recommendations . 

a.  The  1  oau-carry i:ig  capacity  of  sand  in  the  laboratory  tests  was 
i  r.  •  r  eased  approximately  If  t  ir.es  by  rein  fore  inf  the  sand  with  either 
Borden  or  IKG  panels.  However,  no  significant  increase  in  the  load- 
carry  in£  capacity  of  the  sand  war  achieved  by  using  membrane  beneath  the 
panels . 

b.  A  loose,  uneompaeted  sand  subgrade  will  support  only  50  passes 
of  :m  :i5h  cargo  truck  (TO, 000-lb  gross  load)  with  tires  inflated  to 

35  psi  and  will  not  support  any  passes  of  the  M5*1  cargo  truck  with 
tC, 000-lb  gross  load  and  tires  inflated  to  70  psi.  Therefore,  a  surfac¬ 
ing  meaia  is  repaired  in  the  field  of  operations  of  this  type  to  support 
bridge  acc^ss/egress  operations. 

c.  The  volume  of  "5“  cargo  truck  (20,000~lb  gross  load)  traffic 
that  loose  sand  subgrade  will  support  is  increased  significantly  by  the 
use  of  Border,  and  IKG  panels  placed  on  the  loose  sand.  The  Borden  panel 
suppert-d  .'00  passes  of  the  t!5l  cargo  truck  before  it  required  anchoring 
with  steel  weights  on  the  panel  ends.  After  anchoring  the  panels  sup¬ 
ported  an  additional  S00  passes  and  were  traffickable  after  the  1000 
total  passes.  The  IKG  panels  supported  700  passes  of  the  MJl*  truck  prior 
to  being  anchored  similar  to  the  Borden  panels  and  after  anchoring,  the 
IKG  panels  supported  an  additional  300  passes  and  were  traffickable  after 
the  1000  total  passes. 

d.  In  the  traffic  tests  with  membrane  placed  beneath  the  Borden  and 
IKG  panels  on  a  loose  sand  subgrade ,  the  membrane  did  not  provide  any 
significant  improvement  in  the  performance  of  the  panels. 

e.  Although  the  IKG  panels,  both  with  the  membrane  on  top  and  be¬ 
neath  the  panels  on  a  clay  subgrade  with  a  CBR  of  1.6,  failed  after  1?U 
passes  of  the  test  vehicle  with  lO, 000-lb  gross  load,  this  was  an  improve¬ 
ment  over  the  number  of  passes  (10  on  a  subgrade  of  1.5  CBR,  reference  in 
paragraph  l)  that  the  vehicle  can  make  without  any  surfacing. 

f.  The  Borden  panels  with  membrane  on  top  supported  a  significant 
number  of  passes,  550,  as  compared  to  a  subgrade  with  no  surfacing  (10 
on  a  subgrade  of  1.5  CBR,  reference  in  paragraph  l).  The  membrane  1  Id 
not  appear  to  have  influenced  the  number  of  passes  that  the  panels  sup¬ 
ported  as  the  membrane  was  failed  as  a  result  of  being  torn  in  the  wheel 
paths.  The  Tiunels  were  not  failed;  however,  no  further  traffic  was  recom¬ 
mended  since  the  undercarriage  of  the  test  vehicle  was  almost  dragging 
the  surface  of  the  panels.  This  was  due  to  rutting  of  the  subgrade  be¬ 
neath  the  panels  In  the  wheel  paths. 
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Fabric  Testinp 


Product:  Kevlar  Fiber  -  B  (DE  81*73) 
Manuf acturer :  Reeves  Brothers,  Inc. 


Test  and  Unit  of  Measure 


Test  Method 


Test  Results 


Weight,  oz  per  sq  yd 

Fed.  Test  Method  Std. 
No.  191,  Method  50l*l 

15.55 

-  V-' •  V 

Thickness,  inches 

Fed.  Test  Method  Std. 

.013 

v;. 

No.  191,  Method  5030 

•  /  V\r»' 

»•-  ■  -m 

Breaking  Strength,  Grab,  lb 

ASTM  D-1682-61* 

Warp  -  573 

Fill  -  U1*0 
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Apparent  Elongation  @  Break,  % 

ASTM  D-1682-6U 

Warp  -  6 

^v;>v 
*  •_»  •  .  ’  . 

Tear  Strength,  Tongue,  lb 


Bursting  Strength,  Ball,  psi 


Joint  Strength,  lb 


ASTM  D-2261 


ASTM  D-751-72 


Note:  All  breaks  were  in  fabric;  no  breaks  in  joint 
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traffic  with  M5^  truck  loaded  to  ^OOOOlb  gross  load 


SUMMARY  OF  SAND  CONFINEMENT  INVESTIGATION 
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after  10  passes  of  traffic 


1  STANCE 


SOUTH  DISTANCE 


BOR OEN  FIBERGLASS  PANELS 
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Pan el 3  in  Item  1  after  1000  passes,  bridging  of  subgrade 


PROFILE-ITEM  2-  LEFT  WHEEL  PATH 
mOEN  FIBERGLASS  PANELS  OR  MEMBRA 


2  after  10  rannec  (reconstructed) 


a  r 
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PROFILE-ITEM  3-RIGHT  WHEEL  PATH 
IK6  FIBER6LASS  PANELS  ON  MEMBRANE 


.4  Jtt- 


DISTANCE ,  FT 


£>OUT  W  D/STANCE,  FT.  NORTH 


TEST  SECTION  LAYOUT 

BORDEN  AND  IKS  FIBERGLASS  PAMELA  WITH/WITHOUT  MEMBRANE 


Total  No. 
of  Passes 


SUMMARY  OF  CBR,  WATER  CONTENT.  AND  DRY  DENSITY 


Location  Depth, 

of  Test  Pit  in . 


Water 

Rated  Content, 
CBR  % 


Dry 

Density 

,£cL_ 


CBR 


after  154-  passes  of  traffic 
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TACTICAL  BRIDGE  ACCESS//GRESS  PRELININARV 
I NVEST IGAT I ONS (  U  >  ARNV  ENGINEER  HATERHAVS  EXPERIMENT 
STATION  VICKSBURG  NS  GEOTECHNICAL  LAB  B  A  HATIS  SEP  80 
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APPENDIX  H 


TRAFFIC  SLOPE  TESTS  OF  MILITARY  INVENTORY  ITEMS 
AND  THEIR  EFFECTIVENESS  IN  RIVERINE 
EGRESS  TESTS 


Introduction 


Background 


1.  Military  operations  in  the  1980  time  frame  will  require 


rapidly  emplaced  gap  crossings  to  enable  troops  to  effectively  counter 


enemy  threats.  Emplaced  gap  crossings  must  be  capable  of  allowing  mis¬ 


sion  essential  traffic  to  cross  before  enemy  threats  are  effectively 


applied  and  maintaining  subsequent  traffic  flow.  Poor  soil  conditions 


or  steep  slopes  along  river  and  streambanks  must  be  overcome  to  allow 


movement  by  tactical  assault  vehicles  at  the  most  tactically  advan¬ 


tageous  locations  (Headquarters,  Dept,  of  the  Army,  1976).* 


2.  In  concept,  the  desired  egress  capability  will  be  used  pri¬ 


marily  in  the  assault  phase  of  tactical  riverine  crossing  operations 
(Headquarters,  Dept,  of  the  Army,  1979).  Ideally,  the  capability  should 
be  obtained  through  the  use  of  inventory  depot  items  by  engineers  in  the 


main  battle  area  to  aid  the  riverine  crossing  of  swimming  and  fording 


vehicles  and  to  gain  access  to  bridges  or  raft  loading  points  for  as¬ 
sault  and  follow-up  forces  (Headquarters,  Dept,  of  the  Army,  1978). 

3.  Initially,  some  modifications  or  adaptations  of  standard  in¬ 
ventory  surfacings  or  soil  strengthening  materials  will  be  used  in  an 
attempt  to  meet  the  goals  stated  in  the  Letter  of  Agreement  (LOA) 
(Welker,  1979)  by  day  or  night.  Swimming  and  fording  combat  vehicles 


should  be  able  to  exit  streams  with  slopes  within  the  normal  climbing 


capability  of  the  vehicles  (<25  percent).  In  addition,  egress  points 


must  be  capable  of  withstanding  25  passes  by  vehicles  up  to  and  includ¬ 


ing  Military  Load  Class  (MLC)  60.  The  egress  "system"  envisioned  in  the 


LOA  will  hopefully  enable  one  squad  of  an  engineer  combat  company,  using 


current  equipment,  to  simultaneously  install  two  5-m-wide  egress  systems 
(adjacent  on  the  bank)  within  15  min  after  arrival  at  the  exit  bank. 


Purpose  and  scope 

4.  During  the  period  July-September  1978,  personnel  of  the 


References  cited  in  this  appendix  refer  to  REFERENCES  at  the  end  of 


the  main  text. 
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Geotechnical  Laboratory,  U.  S.  Army  Engineer  Waterways  Experiment  Sta¬ 
tion  (WES),  conducted  egress  tests  within  the  boundaries  of  the  WES 
reservation.  Two  areas  were  selected,  one  upland  area  adjacent  to 
Porters  Chapel  Road  and  the  other  area  adjacent  to  the  north  end  of 
Brown  Lake.  Slopes  of  23-25  percent  were  selected  in  silty  clay  (CL) 
soil  adjacent  to  Porters  Chapel  Road  and  lean  clay  (CL)  soil  near  Brown 
Lake.  Each  area  was  graded  smooth.  Slope-climbing  tests  were  conducted 
with  a  combat- loaded  M54  dump  truck  and  two  tracked  vehicles,  the  M48 
tank  and  Ml  13  armored  personnel  carrier  (APC).  Tests  were  conducted  on 
bare  slopes,  on  T17  membrane  surfaced  slopes,  and  on  M19  and  M8A1  mat¬ 
surfaced  slopes,  both  dry  and  wet.  Also  tests  were  conducted  where  the 
vehicles  tracked  through  a  wet  clay  at  the  toe  of  the  slope.  In  addi¬ 
tion,  drawbar  pull  tests  were  conducted  with  the  Ml  13  APC  on  T17  mem¬ 
brane  stretched  and  anchored  on  level  ground.  The  purpose  of  these 
tests  was  to  determine  if  any  depot  inventory  items  were  suitable,  and 
to  what  degree,  to  use  as  access/egress  surfacing  for  a  riverine  cross¬ 
ing  in  a  combat  assault  role. 


Test  Program 


Upland  area  tests 


5.  Unsurfaced  slopes.  Initial  tests  were  conducted  on  the  WES 
reservation  on  25  percent  slopes  constructed  in  a  roadbank  of  medium- 
brown  silty  clay  (CL).  Tests  were  conducted  with  the  Ml  13  APC  at  a 
gross  vehicle  weight  of  22,865  lb;  the  M54,  6x6,  dump  truck  at  70  psi 
and  40,000  lb,  and  the  M48  tank  at  106,000  lb.  Results  of  these  tests 
are  shown  in  Table  4  (see  main  text). 

6.  The  initial  sequence  of  tests  was  conducted  on  a  dry,  unsur¬ 
faced  soil  with  no  membrane  or  mat  surfacing.  All  three  vehicles  com¬ 
pleted  the  required  25  passes  on  the  dry  slope,  and  the  rut  depth  after 
traffic  by  all  vehicles  was  4-1/2  in.  However,  when  wetted  with  spray 
from  a  water  truck,  the  surface  became  very  slippery,  and  vehicle  per¬ 
formance  was  reduced  considerably.  The  Ml  13  APC  completed  two  passes, 
the  M54  truck  no  passes,  and  the  M48  tank  one  pass  (Table  4).  Photo  HI 
shows  the  area  and  vehicles  on  the  slope  when  dry  and  also  when  wet. 
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7.  M19  mat-surfaced  slopes.  The  next  sequence  of  tests  was  con¬ 
ducted  on  another  25  percent  silty  clay  slope  near  the  one  used  for  the 
previous  tests.  The  slope  was  covered  with  clay  gravel  and  then  with  a 
4-  by  4-ft  M19  mat  (Green  and  Ellison,  1969;  Depts .  of  the  Army  and  Air 
Force,  1968;  Headquarters,  Dept,  of  the  Army,  1965,  1966a,  1968,  and 
1973)  anchored  (Gerard,  1969)  to  the  slope.  Initially,  the  vehicles 
attempted  slope-climbing  tests  on  the  mat  in  the  dry  condition.  All 
vehicles  completed  the  required  25  passes  (Photo  H2  and  Table  4)  al¬ 
though  the  mat  slid  downhill  slightly  in  the  Ml  13  test  series  and  nearly 
7  in.  in  the  M54  and  M48  test  series.  The  mat  surface  was  then  wetted 
with  spray  from  the  water  truck  (continuously  during  the  tests),  and  the 
test  series  was  repeated.  Again,  all  vehicles  completed  the  required 

25  passes.  The  mat  movement  was  similar  to  that  in  previous  tests 
except  that  in  the  M54  tests  only  1-1/2  in.  of  movement  occurred. 

8.  In  order  to  simulate  some  of  the  characteristics  of  water  exit 
conditions,  a  thin  layer  (<4  in.)  of  wet  clay  (CH)  was  placed  at  the 
bottom  of  the  mat-surfaced  slope  and  water  was  again  sprayed  on  the  M19 
mat.  The  performance  of  the  Ml  13  APC  was  affected  slightly  by  the  wet 
clay  at  the  bottom  of  the  slope,  and  the  vehicle  completed  with  diffi¬ 
culty  the  required  25  passes.  However,  the  M54  truck  was  unable  to  com¬ 
plete  a  single  pass,  and  the  M48  tank  could  complete  only  five  passes 
with  extreme  difficulty,  because  of  the  surface  slipperiness  caused  by 
the  wet  clay  and  water. 

9.  Similar  tests  with  the  same  M19  mat,  unanchored,  and  with  the 
same  surface  conditions  produced  similar  results  (as  the  anchored)  but 
with  substantial  mat  movement  as  shown  in  Table  4.  Wet  clay  tests  were 
not  conducted,  as  previously  described,  but  similar  results  could  most 
probably  be  expected. 

10.  M8A1  mat-surfaced  slopes.  Tests  similar  to  those  above  were 
performed  at  the  same  site  using  the  M8A1  (Headquarters,  Dept,  of  the 
Army,  1973;  Tucker,  1968;  and  Garrett,  1959).  Mat  placement  (top  side 
up)  began  at  the  toe  of  the  slope  in  the  normal  brick  placing  pattern  as 
shown  in  Figure  HI,  except  the  ends  were  offset  approximately  1  ft.  The 
mats  were  anchored  in  the  offset  area.  Tests  were  conducted  with  the 
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Figure  HI.  Normal  and  inverted  placement  positions  of  M8A1  mat 


Ml  13  APC ,  M54  truck,  and  M48  tank  on  the  mat  initially  in  the  dry  condi¬ 
tion.  All  three  vehicles  were  able  to  complete  25  passes  with  little 
mat  movement  downslope  (Table  4).  The  mat  surface  was  then  sprayed  with 
water  from  the  water  truck,  and  all  three  vehicles  operated  up  the  slope. 
Again,  all  three  vehicles  were  able  to  complete  the  required  25  passes 
with  little  difficulty,  although  slightly  more  downhill  mat  movement 
occurred  in  these  tests  than  in  the  dry  surface  tests.  No  tests  were 
conducted  with  the  wet  clay  layer  at  the  base  of  the  slope  with  the 
anchored  mat. 

11.  The  anchors  were  removed  from  the  M8A1  mat  on  the  same  slope, 
and  tests  were  begun  with  the  unanchored  M8A1  in  the  dry  surface  condi¬ 
tion.  All  three  vehicles  were  able  to  complete  the  required  25  passes 
with  about  the  same  mat  movement  as  in  the  anchored  tests  (Table  4). 

The  surface  was  sprayed  with  water,  and  tests  were  conducted  with  the 
three  vehicles.  All  three  vehicles  were  able  to  complete  25  passes  with 
approximately  the  same  mat  movement  as  in  the  anchored  tests.  A  thin 
layer  of  fat  clay  (CH)  was  placed  at  the  bottom  of  the  mat-covered  slope, 
and  tests  were  conducted  with  the  three  vehicles  while  the  mat  and  clay 


surfaces  were  sprayed  with  water.  Results  of  these  tests  were  similar 
to  those  of  the  M19  tests.  The  Ml  13  APC  was  able  to  complete  25  passes 
with  difficulty,  and  the  M54  truck  attempted  three  passes  and  completed 
none,  while  the  M48  tank  completed  three  passes  with  difficulty 
(Photo  H3) .  Mat  movement  in  all  three  test  series  was  negligible. 

12.  Because  of  the  design  features  of  the  M8A1  mat  (Figure  HI), 
the  mat  appears  to  provide  better  tractive  surface  (for  vehicles)  in  the 
inverted  position  than  in  the  normal  placement  position.  Accordingly, 
the  mat  used  in  the  previous  tests  was  overturned  and  reanchored,  and 
tests  were  conducted  on  the  same  25  percent  slope  (with  clay).  The  M54 
truck  was  still  unable  to  complete  a  single  pass  with  the  wet  clay  layer 
at  the  bottom  of  the  slope,  whereas  the  tracked  M 1 1 3  and  M48  completed 
the  required  25  passes  with  some  difficulty. 

13.  T17  membrane-covered  slopes.  The  area  was  cleared  of  mats, 
checked  for  25  percent  slope,  and  prepared  for  the  membrane  test.  The 
graveled  slope  was  covered  with  a  T17  membrane  (Headquarters,  Dept,  of 
the  Army,  1966b)  section  composed  of  sheets  of  membrane  bonded  together. 
The  membrane  was  anchored  at  the  top  of  the  slope  by  excavating  a  small 
ditch,  laying  the  membrane  inside,  driving  tack  anchors,  and  covering  it 
with  the  excavated  material.  Three  tack  anchors  were  then  placed  along 
each  side  of  the  membrane  at  approximately  equal  intervals  to  anchor  the 
membrane  to  the  slope. 

14.  Tests  were  again  conducted  with  the  Ml  13  APC,  M54  truck,  and 
M48  tank  in  botli  dry  and  wet  surface  conditions.  All  three  vehicles 
were  able  to  complete  the  required  25  passes  with  littl*  difficulty, 
although  the  repetitive  traffic  caused  tears  in  the  membrane  in  the  wet¬ 
surfaced  tests,  as  indicated  in  Table  4.  Membrane  movement  was  about 
the  same  for  each  vehicle  in  both  (dry  and  wet)  of  the  test  series.  In 
all  tests,  the  membrane  wrinkled  and  stretched  with  each  pass  but  re¬ 
turned  to  almost  the  same  point  after  traffic  (Photo  H4) .  Tests  were 
also  conducted  with  the  three  vehicles  with  the  wet  clay  layer  added  at 
the  toe  of  the  slope.  All  three  vehicles  experienced  extreme  difficulty 
in  even  getting  up  onto  the  membrane-covered  slope.  Only  the  Ml  13  APC 
was  able  to  get  up  onto  the  slope,  then  only  by  using  a  20-ft  start  on 
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dry  soil.  In  all  attempts,  the  membrane  deformed  considerably  and  was 
torn  across  the  slope  width  and  severely  damaged  in  tests  with  both  of 
the  tracked  vehicles. 

15.  During  all  of  the  tests  mentioned  previously,  membrane  abra¬ 
sion  by  underlying  gravel  was  considerable  and  even  severe  in  some 
places.  These  abrasions,  however,  were  not  considered  to  be  the  causa¬ 
tive  factor  in  the  membrane  tearing  during  the  tests. 

Brown  Lake  tes  ts 

16.  Tests  were  conducted  on  23-25  percent  slope  constructed  in 
lean  clay  (CL)  at  the  north  end  of  Brown  Lake  (Figure  H2)  on  the  WES 
reservation.  Slope-climbing  tests  were  conducted  with  only  the  M113  APC 
loaded  to  23,495  lb.  In  addition  to  the  vehicle  tests,  the  time  of  mem¬ 
brane  or  mat  placement  and  the  number  of  personnel  required  for  place¬ 
ment  were  also  annotated. 

17.  T17  membrane-covered  slopes.  An  18-  by  77-ft  membrane  sec¬ 
tion  composed  of  bonded  sheets  of  T17  membrane  was  folded  into  a  4-  by 

5-  by  1-ft  bundle  and  placed  at  the  toe  of  the  slope,  adjacent  to  the 
water.  Five  men  then  unfolded  the  section  and  pulled  57  ft  up  the  slope 
in  32  sec.  Two  men  in  two  boats  placed  20  ft  of  membrane  out  in  the 
lake  in  7  min  and  secured  the  membrane  to  the  lake  bottom  (2-5  ft  below 
the  water  surface)  with  sandbags  attached  to  the  membrane  pad  with  ropes. 
Three  men  then  placed  four  1-ft-long  side  anchors  in  1-1/2  min.  A  2-  by 

6- in.  board  wrapped  inside  several  folds  of  membrane  was  placed  in  a 
shallow  ditch  at  the  top  of  the  slope,  then  secured  with  six  drive  tack 
anchors,  and  covered  with  excavated  soil.  This  phase  of  the  entire  pro¬ 
cedure,  depicted  in  Photo  H5 ,  required  an  additional  10.5  min.  The 
elapsed  time  was  19.5  min. 

18.  In  the  initial  test  with  the  Ml  13  APC,  the  driver  of  the  ve¬ 
hicle  experienced  difficulty  in  aligning  the  vehicle  with  the  membrane- 
covered  slope.  As  the  driver  maneuvered  the  vehicle  into  position  for 
the  slope-climbing  test,  the  vehicle  pressed  the  18-ft-wide  membrane  down 
into  the  soft  lake  bottom,  pulling  the  membrane  edges  and  sandbags  to  a 
point  adjacent  to  the  tracks  of  the  vehicle.  As  the  vehicle  attempted 

to  climb  the  slope,  the  membrane  and  sandbag  ropes  became  entangled  in 
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the  left  track,  pulling  the  membrane  down  the  slope  toward  the  water. 

The  slope  side  anchors  tore  the  membrane  12  to  15  ft,  and  the  2-  by  6-in. 
anchor  board  was  pulled  10  to  12  ft  downslope.  The  vehicle  continued 
upslope  with  the  membrane  severely  stretched  and  wrinkled  as  shown  in 


Photos  H5i-H5k. 


19.  Analysis  of  the  first  lake  tests  on  the  membrane-covered 


slopes  indicated  that  (a)  the  short  1-ft-long  anchors  were  not  of  suffi¬ 
cient  length  to  prevent  downslope  sliding  of  the  membrane,  (b)  the  mem¬ 


brane,  by  necessity,  required  additional  anchoring  at  the  top  of  the 
slope,  (c)  a  fold  of  membrane  was  required  near  the  water's  edge  and  the 


membrane  pad  should  be  wider,  both  to  allow  for  conformation  to  the  ve¬ 
hicle  ruts  in  the  lake  bottom,  and  (d)  the  sandbag  anchors,  by  necessity, 
should  be  tied  to  a  small  steel  cable  and  placed  at  least  20  ft  from  the 


membrane  edge.  Accordingly,  all  of  these  suggestions  were  incorporated 


into  the  second  membrane  test. 


20.  A  larger  membrane  section,  36  by  100  ft,  was  refolded  and  de¬ 
livered  to  the  lake  site.  The  unfolding  procedure  used  previously  was 


again  employed,  except  the  placement  of  the  membrane  from  the  top  down 
the  slope  required  five  men  a  total  of  35  sec  to  complete.  A  ditch 
approximately  3-1/2  ft  wide  by  2  ft  deep  by  25  ft  long  was  excavated 
with  a  hydraulic  backhoe.  The  membrane  was  placed  along  the  perimeter 
of  the  ditch  and  secured  with  seven  1-ft  anchors  evenly  spaced  along  the 


inside  of  the  25-ft  ditch.  The  ditch  was  filled  with  the  excavated  .  il 


and  side  anchors  were  placed  along  the  edges  of  the  membrane  section  at 


10-ft  intervals.  A  4-ft  fold  was  ieft  in  the  membrane  section  at  the 


water's  edge,  and  the  remainder  of  the  membrane  was  pulled  out  into  the 
lake  and  anchored  using  the  M113  APC  and  a  boat,  each  with  two  men  aboard. 


Steel  cables,  20  ft  long,  were  attached  to  the  membrane  and  to  sandbags 
dropped  into  the  water  pe rpend i cu 1  a r  to  the  membrane  length  to  secure 
the  membrane  section  and  prevent  floating  or  limited  lateral  movement. 


Photos  H6a-H6f  depict  this  procedure. 

21.  The  Ml  13  APC  entered  the  lake  and  swam  around  to  a  position 


m  the  lake  aligned  with  the  membrane  on  the  slope.  On  the  initial 
pass,  the  Ml  13  APC  was  able  to  place  both  tracks  up  onto  the  membrane 
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section  after  pulling  the  4-ft  fold  of  the  membrane  section  into  the 
lake.  However,  the  vehicle  was  not  able  to  climb  completely  out  of  the 
lake.  The  vehicle  backed  cut  into  the  lake  and  aligned  for  a  second  at¬ 
tempt.  A  small  tear  in  the  membrane  was  noted  at  the  water's  edge.  On 
the  second  attempt,  the  membrane  tore  and  shredded  in  numerous  places 
under  the  vehicle  tracks.  While  maneuvering  into  position  for  a  third 
attempt  to  climb  the  slope,  the  driver  noted  that  the  left  running  gear 
was  inoperative.  The  vehicle  was  turned  around  into  a  position  that 
facilitated  removal  from  the  lake.  The  vehicle  was  then  pulled  out  of 
the  lake  and  up  the  slope  by  the  M48  tank.  As  soon  as  the  Ml  13  APC 
exited  the  water,  the  reason  for  immobilization  was  readily  apparent. 

Some  six  to  eight  wraps  of  T17  membrane  had  been  pulled  around  the 
sprocket  between  the  sprocket  and  tracks.  The  rolled  membrane  thickness 
had  forced  the  track  away  from  the  sprocket,  thereby  immobilizing  the 
vehicle  (Photos  H6g-H6n) .  In  addition,  one  of  the  cables  used  to  anchor 
the  sandbags  was  entangled  in  the  track.  The  exact  cause  of  the  en¬ 
tanglement,  however,  could  not  be  determined.  After  the  M113  APC  was 
repaired,  several  unsuccessful  attempts  were  made  to  exit  the  lake  up 
the  25  percent  slope  (Photos  H6o-H6r) .  However,  the  M113  APC  could  only 
exit  the  lake  at  the  prepared  ramp  (Photo  H6s)  where  the  slope  was  less 
than  15  percent. 

22.  Analysis  of  the  T17  test  results  indicate  several  problem 
areas  relative  to  the  membrane  section  tests:  (a)  membrane  edges  in 
turbulent  water  are  subject  to  entanglement  in  the  vehicle  running  gear, 
and  ropes  or  cables  attached  to  the  membrane  as  anchors  may  increase  the 
risk  of  such  entanglement;  (b)  vehicle  tracks  push  the  membrane  into 

the  lake  bottom,  thereby  creating  a  slippery  surface  at  the  water’s  edge, 
which  may  also  contribute  to  vehicle  slope-climbing  problems;  and  (c) 
time  and  ec4uipment  needed  to  anchor  and  place  the  membrane  exceed  the 
F,OA  requ  i  rements  . 

23.  MSA]  mat-covered  s lopes .  Slope-climbing  tests  were  conducted 
on  the  same  25  percent,  slope  used  in  the  membrane  test  described  pre¬ 
viously,  but  in  these  tests  the  slope  was  covered  above  and/or  below  the 
water's  edge  with  the  M8A 1  mat.  The  mats  were  connected  in  the  normal 
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manner,  hooks  downslope  and  perpendicular  to  the  slope  (across  the  slope 


width),  to  form  parallel  "runs"  18  in.  wide  composed  of  i nterconneclec 


mat  pieces.  Initially,  5  runs  were  placed  across  the  slope  itself,  and 


11  runs  were  placed  parallel  to  these  runs  but  underwater  beginning  at 


the  water's  edge.  The  mat  was  anchored  on  the  slope  with  four  screw- 


type  anchors  (Photos  H7a-H7f). 

24.  In  the  initial  vehicle  test  on  a  dry  slope,  the  Mild  APC 


entered  the  lake  and  maneuvered  into  position  to  climb  the  slope.  The 


vehicle  attempted  to  climb  the  slope*  five  times  without  success 
(Table  HI).  The  mat  surface  apparently  had  an  insufficient  traction 


surface  for  the  vehicle  track  system  as  the  vehicle  merely  spun  its 
tracks  on  the  mat  with  no  forward  movement  (Photos  H7g-H7i). 


25.  For  test  No.  2,  16  runs  of  mat  were  pulled  up  the  slope  and 


flipped  over  with  a  crane  so  that  the  support  ridges  on  the  bottom  of 


the  mat  were  facing  upward,  i.e.,  the  mat  was  inverted  relative  to  its 


normal  placement  condition.  Ten  runs  of  mat  were  pushed  into  the  water 


by  a  bulldozer,  and  six  runs  were  left  on  the  slope.  The  mat  was  not 


anchored  at  the  start  of  the  test.  The  vehicle  entered  the  lake  and 


maneuvered  into  test  position.  The  vehicle  then  eased  up  onto  the  mat, 
touching  some  15  ft  or  so  out  into  the  water,  and  by  very  slowly  moving 
forward  was  able  to  exit  on  the  slope  in  the  second  attempt.  The  sup¬ 
port  ridges  on  the  mat  created  tractive  surfaces  such  that  the  cleats  on 
the  track  system  were  able  to  gain  sufficient  support  for  the  vehicle  to 
complete  one  pass  with  difficulty,  a  very  marginal  single  pass.  However, 
the  vehicle  pushed  3  runs  of  mat  into  the  water,  leaving  3  runs  upslope 
and  13  underwater.  Consequently,  the  test  was  continued  with  3  runs  up¬ 
slope,  13  in  the  water,  and  the  mat  anchored  with  the  rolled  edge  of  the 
mat  downslope  to  determine  any  advantage  of  having  more  mat  in  the  water 


( Photo  H8 ) . 


26.  Five  attempts  at  passage  were  made  by  the  vehicle  from  the 
water  with  3  runs  upslope  and  13  underwater,  but  only  two  passes  were 
completed  (Table  HI)  with  the  mat  surface  dry.  The  test  was  temporarily 
halted  when  the  cables  slipped  and  the  mats  moved  completely  into  the 
water,  pushed  there  by  the  track  system  pulling  downslope  on  the  mat 
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when  gaining  traction.  Therefore,  the  mat  was  reanchored  by  cable  to 
the  ground  with  the  first  mat  at  the  water's  edge.  Three  anchors  were 
placed  in  the  slope  on  each  side  of  the  mat  and  tied  together  with  cable. 
The  mat  was  inverted  with  the  rolled  edge  of  the  mat  downslope,  and  the 
test  continued. 

27.  The  vehicle  entered  the  lake  and  swam  around  into  position 
for  the  next  pass  of  traffic.  The  vehicle  eased  up  onto  the  mat,  and 
after  several  spinning  attempts,  the  vehicle  was  able  to  complete  one 
pass  up  the  dry  mat  and  slope.  However,  the  mat  was  pulled  completely 
into  the  water.  Testing  was  continued,  and  the  vehicle  completed 

26  passes  without  much  difficulty,  although  the  vehicle  tracks  spun  to 
varying  degrees  upon  contact  with  the  mat.  At  the  end  of  test  No.  2, 
the  mats  had  moved  into  the  lake  such  that  the  first  mat  (toward  the 
slope)  was  18  in.  out  from  the  water's  edge.  The  driver  of  the  vehicle 
developed  a  swimming-climbing  technique,  which  improved  vehicle  perfor¬ 
mance  in  the  latter  half  of  the  passes.  The  vehicle  needed  a  higher 
gear  (third)  for  better  water  speed  and  maneuverability  but  a  low  gear 
for  slope  climbing.  Accordingly,  the  driver  would  reach  full  speed 
(3-5  mph)  in  the  water  in  third  gear  while  moving  toward  the  slope;  then 
immediately  prior  to  mat  contact,  he  would  downshift  to  low  gear.  At 
the  moment  of  contact,  the  driver  would  then  accelerate  onto  the  mat  and 
continue  upslope.  This  procedure  seemed  to  push  the  vehicle  onto  the 
mat  by  inertia  and  weight  transfer,  and  the  shift  to  low  gear  then  in¬ 
creased  the  traction  capability  of  the  vehicle  upslope  on  the  mat  and 
slope  (Photos  H9a-H91). 

28.  For  test  No.  3,  16  runs  of  mat  were  left  in  position  (after 
the  previous  tests),  and  the  slope  was  sprayed  with  water  from  a  truck. 
The  M113  APC  had  little  difficulty  completing  15  passes  before  being 
stopped  because  of  anchor  failure  on  the  left  side.  After  the  anchor 
was  repaired,  tests  were  continued;  the  vehicle  completed  3  more  passes 
(total  of  18)  without  much  difficulty  (Photos  H9m-H9r).  However,  it  was 
discovered  that  the  first  5  runs  of  mat  at  the  water’s  edge  had  been  dis¬ 
connected  from  the  other  11  runs,  which  had  been  pushed  farther  out  into 
the  lake.  The  five  panels  were  removed  from  the  lake  by  crane  and  were 
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heavily  damaged  by  vehicle  traffic,  especially  at  the  panel  joints 
(Photo  H10).  Evidently,  the  rolled  edge,  when  placed  downslope,  was 
rather  easily  opened  up)  and  unrolled  by  the  track  system  spinning  on  the 
rolled  section.  After  unrolling,  the  panels  then  easily  disconnected 
with  little  effort. 

29.  Two  runs  were  replaced  in  the  water  (though  not  attached  to 
the  11  runs  already  in  the  water)  about  2  ft  from  the  water's  edge  and 
anchored  to  the  slope.  The  slope  was  again  sprayed  with  water  from  a 
water  truck  to  simulate  a  rainy  or  surface  slipperiness  condition  on  the 
slope  and  traffic  continued.  The  vehicle  had  difficulty  getting  onto 
the  mat  at  first,  but  after  apparently  seating  the  mat  in  the  lake  bot¬ 
tom,  the  vehicle  completed  5  passes  (total  of  23)  without  difficulty  be¬ 
fore  anchor  failure  occurred  on  the  left  again.  The  mat  was  reanchored, 
and  2  more  passes  were  made  to  complete  the  required  25  passes  to  con¬ 
clude  test  No.  3. 

30.  The  slope  was  checked  for  test  No.  A,  and  negligible  change 
was  noted.  The  panels  of  mat  were  retrieved  from  the  water,  and  five 
runs  were  reconnected  with  the  top  side  up.  The  mats  were  then  shoved 
into  the  water  a  distance  of  4  ft  from  the  water's  edge  and  anchored. 

The  rolled  edge  was  downslope,  and  the  slope  was  continuously  sprayed 
with  water  during  traffic.  The  vehicle  attempted  to  climb  onto  the  mat 
but  could  not  gain  sufficient  traction  to  exit  the  water.  The  tracks 
would  catch  momentarily  on  the  connector  hooks  of  the  mat  but  could  not 
develop  sufficient  traction;  thus  spinning  and  backsliding  occurred. 

Five  attempts  were  made  at  passage  with  no  success  (Photos  Hlla-Hlle). 

31.  The  five  runs  of  mat  were  then  pulled  from  the  lake,  inverted 
(by  crane)  with  the  hooks  downslope,  and  anchored  and  replaced  under¬ 
water  some  2.5  ft  from  the  water's  edge  for  test  No.  5.  The  slope  was 
sprayed  with  water  prior  to  and  during  testing.  However,  in  five 
attempts  at  passage,  the  vehicle  was  not  able  to  complete  a  single  pass. 
In  test  No.  6,  the  mat  was  pushed  farther  into  the  water  so  that  the 
first  panel  was  4  ft  from  the  water's  edge.  In  four  attempts,  the  vehi¬ 
cle  was  still  unable  to  complete  a  single  pass  although  both  slow-  and 
fast-speed  runs  were  attempted  (Photo  Hll). 
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32.  The  five  runs  of  mat  were  removed  from  the  lake  by  crane  and 
replaced  with  two  runs  of  mat  about  4  ft  into  the  lake  for  test  No.  7. 


The  slope  was  again  sprayed  with  water  to  simulate  wet-season  conditions. 


The  vehicle  made  the  first  approach  at  full  speed,  and  upon  encountering 
the  mat  underwater,  the  vehicle  appeared  to  "seat"  the  mat  into  the  lake 


bottom,  then  override  the  mat  and  continue  upslope.  After  two  passes, 


the  mat  had  been  pushed  out  into  the  lake  another  2  ft.  The  vehicle  was 


able  to  complete  8  passes  in  10  attempts  with  little  difficulty.  How¬ 


ever,  the  left-side  anchor  became  loose,  and  the  test  was  stopped.  The 


relative  ease  of  the  slope  climbing  of  the  vehicle  in  the  8  passes  indi¬ 


cated  that  the  vehicle  could  complete  the  required  25  passes  with  little 
difficulty,  and  so  this  test  was  stopped  (Photos  Hllg-Hllh). 


33.  For  test  No.  8,  two  runs  of  mat  were  placed  in  the  lake  in 


the  original  configuration,  i.e.,  surface  up,  but  with  the  rolled  edge 


the  farthest  out  in  the  water,  approximately  4  ft  from  the  water's  edge. 


The  surface  of  the  slope  was  left  dry.  The  vehicle  was  able  to  complete 


9  passes  in  11  attempts  with  high  slippage  and  poor  control  (Photos  Hllm- 
Hllq).  Analysis  of  the  test  results  indicated  that  the  overlap  edge 
(hook)  may  have  provided  sufficient  traction  to  complete  the  required 
passes.  However,  it  appeared  that  the  slope  had  been  decreased  by  traf¬ 
fic  at  the  water's  edge  and  may  have  aided  the  vehicle  passage.  Repro¬ 
filing  of  the  slope  (Figure  H3),  however,  did  not  show  any  large  slope 


changes . 


34.  In  summary,  the  M8A1  mats  provided  the  vehicle  somewhat  mar¬ 


ginal  assistance  in  exiting  the  lake.  However,  unless  placed  in  exactly 


the  right  position  and  anchored  securely,  the  vehicle  was  unable  to  uti¬ 


lize  the  mats.  Also,  the  mat  (and  membrane)  required  rather  long  peri¬ 


ods  of  time  for  placement,  more  on  the  order  of  2  to  3  hr  or  more, 


rather  than  the  15  min  or  less  that  was  desired.  Wetting  the  slope  did 


not  appear  to  hinder  vehicle  passage  to  any  great  degree  in  these  tests, 


although  clay  slopes  may  produce  slippery  conditions  more  so  than  those 


experienced  in  these  tests.  Differences  in  soil  strength  as  determined 


from  the  average  of  cone  index  measurements  before  and  alter  traffic 
(Figure  H4)  were  not  significant. 
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Figure  H4 .  Before  and  after  traffic  cone  indexes 
for  25  percent  slope,  Brown  Lake 


35.  A  firm,  dry,  level  grass-covered  area  within  the  boundaries 
of  the  WES  reservation  was  selected  for  drawbar  pull  tests  (Photo  HI 2) 
using  an  M113  APC  partially  loaded  to  19,950  lb.  The  area  was  100  per¬ 
cent  covered  with  Bermuda  grass  atop  silty  clay  soil.  The  vehicle  was 
instrumented  for  the  tests,  and  a  20,000-lb  load  cell  was  connected  by 
cables  to  a  loaded  M113  APC.  Only  maximum  pull  values  and  pull  values 
at  100  percent  slip  were  measured. 

36.  Initially,  a  vehicle  test  was  conducted  on  dry  grass  as  an  in 
situ  condition.  The  vehicle  was  able  to  develop  13,922  lb  of  drawbar 
pull  during  the  test  as  a  maximum  and  13,200  lb  at  a  100  percent  slip. 
These  values  correspond  to  drawbar  pull  coefficients  (drawbar  pull, 

lb  t  vehicle  weight,  lb)  of  0.70  and  0.66,  respectively. 

37.  A  36-  by  100-ft  membrane  pad  was  next  unrolled,  stretched, 
and  staked  at  the  sides  and  ends  with  anchors.  The  test  was  conducted 
dry  as  in  the  dry  grass  tests.  The  vehicle  was  able  to  develop  a  maxi¬ 
mum  of  13,287  lb  with  10,494  lb  at  100  percent  slip,  corresponding  to 
drawbar  pull  coefficients  of  0.67  and  0.53,  respectively.  In  this  test, 
the  membrane  stretched  and  wrinkled  beneath  the  tracks  at  the  high-pull 
values  but  returned  to  almost  the  original  position  after  traffic.  The 
membrane  material  around  the  anchors  also  tore  in  the  direction  of  pull, 
especially  during  the  high-pull  portion  of  the  test. 

38.  The  membrane  was  sprayed  with  water  from  a  water  truck  con¬ 
tinually  during  the  next  test  series  on  wet  membrane.  The  pull  was  re¬ 
duced  considerably  to  7109-lb  maximum  with  only  4062  lb  at  100  percent 
slip,  or  drawbar  pull  coefficients  of  0.36  and  0.20,  respectively.  Mem¬ 
brane  stretching  and  wrinkling  occurred  as  in  the  dry  membrane  tests. 

The  tracks  were  then  sprayed  while  the  membrane  was  wet  to  simulate 
water  existing  from  a  lake  or  river  with  similar  pulls  and  coefficients 
as  the  previous  tests  at  a  maximum  of  7024  lb  (0.35)  with  3980  lb  (0.20) 
at  100  percent  slip. 

39.  The  membrane  was  removed  and  the  grass  sprayed  for  the  next 
test  series.  On  the  wet  grass,  the  vehicle  developed  a  maximum  of 
7363  lb  (0.37)  with  7363  lb  (0.37)  at  100  percent  vehicle  slip.  The 
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vehicle  was  towed  in  neutral  gear  for  the  motion  resistance  measurement, 


which  averaged  1875  lb  (0.094)  for  these  tests. 


40.  As  shown  in  these  tests,  the  dry  membrane  reduced  the  maximum 


pull  obtained  by  the  Ml  13  APC  in  dry  grass  less  than  20  percent,  but 


this  reduction  increased  to  about  60  percent  from  dry,  when  the  membrane 


was  wet,  although  the  wet  grass  also  reduced  the  pull  from  that  at  the 


dry  grass  condition  by  almost  this  amount.  However,  using  the  usual 


assumption  that  the  drawbar  pull  coefficient  is  approximately  equal  to 


the  slope  in  percent  for  tests  in  firm  soils,  the  M113  APC  should  be 


able  to  climb  a  maximum  wet  membrane-covered  slope  of  20-35  percent. 


This  assumption  coincides  with  the  resuLts  of  the  lake  tests  in  which 


the  slope-climbing  capability  of  the  Ml  13  APC  was  rather  marginal  on 


23-25  percent  slope  at  Brown  Lake. 


Summary  of  Test  Results  and  Recommendations 


Summary  of  test  results 

41.  Results  of  this  study  are  summarized  below: 


Tests  with  T17  membrane-covered  slopes  (25  percent  or 
less)  in  upland  areas  and  adjacent  to  a  lake  indicate 
that  the  membrane  must  be  anchored  extremely  well  on  the 
slope  and  that  the  membrane  itself  does  not  necessarily 
assure  traction  at  the  toe  of  the  slope  at  the  water/soil 
interface.  When  wet,  the  membrane  becomes  relatively 
slick  but  still  produces  a  sufficient  traction  surface 
for  vehicle  passage,  provided  the  vehicle  can  negotiate 
the  slope. 


Tests  on  mat-surfaced  slopes  (M8A1  or  M19)  indicate  the 
same  problems  that  were  encountered  in  the  membrane  tests. 
When  the  mat  was  moved  totally  underwater,  the  vehicle 
negotiated  the  slopes,  sometimes  easily  and  other  times 
marginally,  depending  on  the  mat  configuration  and  the 
presence  of  any  points  on  the  mat  for  the  vehicle  to  gain 
sufficient  traction  to  climb  the  slope.  The  vehicles 
negotiated  the  mat-covered  slopes  rather  easily,  wet  or 
dry,  when  sufficient  traction  was  obtained  to  climb  the 
slope . 


Placement  times  of  15  min  were  not  achieved.  In  fact, 
placement  of  the  membrane  or  mat  on  riverbanks  or  slopes 
by  any  of  the  means  used  in  the  tests  requires  at  least 
twice  the  time  stated  in  the  L0A .  Also,  engineer 
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equipment  must  be  available  for  anchor  placement,  mat 
placement  upside  down  on  the  slope,  and  mat  or  membrane 
anchorage  underwater. 

d.  Membrane  placed  in  lake  bottoms  underwater  must  be  placed 
so  that  allowances  are  made  for  the  membrane  movement  to 
conform  to  vehicle  ruts  in  t he  soft  lake-bottom  mud  and 
the  edges  are  anchored  to  the  lake  bottom  to  prevent  en¬ 
tanglement  in  vehicle*  running  gear.  Cables  attached  to 
sandbags  that  were  used  to  anchor  the  mat  to  the  lake 
bottom  in  the  tests  reported  herein  became  exposed  with 
vehicle  traffic  and  were  easily  entangled  in  the  vehicle 
traction  elements. 

e.  The  M113  APC  was  able  to  exit  the  lake  at  an  unimproved 
soil  ramp  where  the  slope  was  less  than  15  percent.  The 
slope  that  represents  its  limiting  capability  is  unknown. 


Recommendations 

42.  Of  the  currently  available  depot  items,  which  were  considered 
for  evaluation  as  a  surfacing  of  a  slope  used  in  an  egress  mode,  the 
following  recommendations  are  warranted: 

a.  The  T17  membrane,  M19  mat,  and  M8A1  mat,  when  placed  in 
normal  placement  patterns,  will  not  support  significant 
traffic  on  a  25  percent  slope,  primarily  because  of  in¬ 
adequate  traction  (coefficient  of  friction). 

b.  Although  the  M19  and  M8A1  mats  will  provide  structural 
support  to  both  wheeled  and  tracked  vehicles  on  25  per¬ 
cent  slopes  and  less  when  dry,  the  membrane  is  torn  and 
is  not  effective  if  used  alone. 

c.  To  achieve  the  necessary  traction  required  on  a  25  per¬ 
cent  slope,  especially  when  mud  is  tracked  on  the  slope 
surface,  it  appears  that  the  M8A1  mat  must  be  placed  with 
the  bottom  side  (ribs)  up  for  tracked  swimmers,  such  as 
the  M113  APC.  However,  this  placement  will  not  meet  the 
LOA  because  its  placement-time  requirements  far  exceed 
those  of  the  LOA. 

d.  A  surfacing  should  be  developed  that  would  provide  the 
necessary  structural  strength  for  the  tactical  vehicles 
as  well  as  the  necessary  tractive  surfacing  to  allow 
climbing  the  25  percent  slope  in  a  mui  dy  environment. 

e.  Where  egress  improvement  is  desired  and  the  stringent 
time,  manpower,  and  equipment  limitations  of  the  LOA  are 
not  present,  expedient  methods  are  available.  One  method 
would  be  to  flatten  the  slope  using  a  D-7  bulldozer  or 
use  the  combat  engineer  vehicle  (CEV).  The  other  is  the 
inverted  M8A1  installation  described  in  c.  above. 
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M54  truck  attempting  to  travel  up  the  wet  slope 


M48  tank  attempting  to  travel  up  the  wet  slope 
Photo  HI .  (Sheet  4  of  4) 
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M54  truck  attempting  to  make  a  pass  up  the  slope 
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Photo  H5 .  (Sheet  6  of  6) 


Lateral  unfolding  of  membrane  across  width  of  slope 


Photo  H6 .  T17  membrane-covered  slope  tests  (w/fold), 

Brown  Lake  area  (Sheet  1  of  10) 
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Photo  H6.  (Sheet  7  of  10) 
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i.  Test  conducted  on  unsurfaced  slope  without  success 
Photo  H7 .  (Sheet  5  of  5) 
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k.  Vehicle  completing  one  of  last  few  passes  before 
25  completions  on  dry  slope 


Toe  of  slope  after  25  passes  with  no  mat  visible 
at  water's  edge 

Photo  H9 .  (Sheet  6  of  9) 
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r.  View  of  vehicle  traveling  upslope  on  wet  surface 


with  little  or  no  slippage 
Photo  H9 .  (Sheet  9  of  9) 
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View  of  mat,  inverted,  rolled  edge  toward  lake,  after  tests 


Photo  H10.  Damaged  M8A1  after  vehicle  tests 
Brown  Lake  area  (Sheet  1  of  2) 
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a.  Mat  right  side  up  with  rolled  edge  downslope  being 
pushed  into  water  by  the  D-6  bulldozer 
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b.  Ml  13  APC  encountering  mat  in  lake  near  water  s  edge 

Photo  H 1 1 .  M8A1  matted  slopes,  underwater,  Brown  Lake 
area  (Sheet  1  of  9) 
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Ml  13  APC  exiting  lake  at  an  angle  after  edging  off  end 
of  mat  and  climbing  slope 


Ml  13  APC  encountering  mat,  which  has  been  flipped  from  last 
test  (Photo  H6e)  and  placed  in  lake  inverted,  hooked 
edge  into  lake 


Photo  HI  1 .  (Sheet  3  of  9) 
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T17  MEMBRANE  AND  M 19  AND  M8A1  LANDING  MATS,  FOR 
INTERIM  USE  AS  BRIDGE  ACCESS/EGRESS 
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The  LOA  mentioned  in  this  appendix  refers  to  the  LOA  that  comprises 
Appendix  A  of  this  report. 
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Introduction 


•  » *  *  j 


]•  The  need  for  surfacing  over  marginal  soil  materials  to  expe¬ 
dite  Army  traffic  to  and  from  hastily  constructed  structures  has  long 
been  recognized.  How  and  where  the  Army  goes  in  time  of  combat  is  often 
dependent  upon  its  ability  to  negotiate  stream  crossings.  The  Army's 
experience  and  lessons  learned  are  well  documented,  studied,  and  used  as 
a  guide  to  develop  more  rapid  methods  or  systems  of  crossing  streams. 

As  these  developments  are  under  way,  their  requirements  are  constantly 
changing  in  regard  to  material  weight,  cost,  placement  time,  manpower, 
etc.  Before  undertaking  the  bridge  access/egress  research  project,  it 
was  considered  prudent  to  determine  to  what  degree,  if  any,  Department 
of  Defense  current  inventory  items,  such  as  aircraft  landing  mats  and 
prefabricated  membrane,  would  meet  these  requirements. 

2.  Headquarters,  U.  S.  Army  Materiel  Development  and  Readiness 
Command,  funded  the  bridge  access/egress  project.  The  manager  of  the 
project,  the  U.  S.  Army  Mobility  Equipment  Research  and  Development 
Command  (MERADCOM) ,  and  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES)  developed  a  Letter  of  Agreement  (LOA)  for  the  WES  to  per¬ 
form  the  research  and  engineering  tests  on  materials  to  meet  the  stated 
LOA  requirements  and  to  determine  to  what  extent  present  expedient  sur¬ 
facing  inventory  items  meet  these  requirements.  A  copy  of  the  LOA, 
dated  24  July  1979,  is  presented  in  Appendix  A. 

Description  of  Inventory  Materials  and  Ancillary  Items 

M19  airplane  landing  mat 
(Federal  Stock  No.  5680-089-5920 ) 

3.  Panels .  The  M19  mat  is  a  sandwi ch-type  structure  containing  a 
1 . 375- in . -thick  aluminum  honeycomb  core  bonded  top  and  bottom  to 

0 . 063- in . -th ick  aluminum  skins  as  shown  in  Figure  II.  Extruded  aluminum 
connectors  are  bonded  to  the  edge  of  the  core  with  a  potting  compound 
and  welded  to  the  top  and  bottom  skins.  Two  edges  of  the  panel  have 
overlap-and  under  lap-type  joints  that  are  connected  to  adjoining  panels 
and  locked  with  an  extruded  aluminum  locking  bar.  The  other  two  edges 
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have  male-  and  female-type  connectors.  The  individual  panels,  1.5  in. 
thick,  50-1/4  in.  long,  and  49-1/2  in.  wide,  weigh  approximately  71  lb. 

A  panel  covers  approximately  16.7  sq  ft  and  weighs  4.3  lb  per  sq  ft  of 
placing  area.  The  panels  can  be  placed  at  a  rate  of  573  sq  ft  per  man¬ 
hour.  A  basic  mat  placing  crew  consisting  of  seven  men  (one  NCO  and  six 
EM's)  is  required  for  placement  on  a  20-ft-wide  front  (road  width).  The 
panels  are  normally  laid  with  the  male-female  joints  parallel  to  the 
direction  of  traffic  and  continuous  along  the  road  length  (Green  and 
Ellison,  1969).*  The  traffic  is,  therefore,  always  applied  in  a  direc¬ 
tion  perpendicular  to  overlap-underlap  connector  locking  bars. 

4.  Pallets .  Mats  and  necessary  ancillary  items  are  packaged  in 
crates  for  shipment  to  the  theater  of  operations  (TO).  The  crates  are 
skid  mounted  for  ease  of  handling  with  mechanized  equipment.  The  vari¬ 
ous  pallets  are  described  below. 

5.  Full-mat  pallets  (FSN  5680-930-1524)  are  stacked  on  four-way 
entry  wood  skids  to  make  a  pallet  package  of  32  mats  (Headquarters,  Dept, 
of  the  Army,  1968).  Each  mat  is  supplied  with  one  locking  bar  placed  in 
the  upward  facing  groove  of  the  underlap  edge  of  the  mat  plus  one  addi¬ 
tional  bar  per  bundle,  making  a  total  of  33  bars  per  bundle.  All  sides 
of  the  pallet  are  covered  with  sheets  of  plywood,  and  the  corners  are 
protected  by  angular  aluminum  strips.  The  package  is  bound  with  steel 
bands  (Figure  12).  Gross  weight  is  2484  lb,  and  bundle  dimensions  are 
51-3/4  in.  long  by  51  in.  wide  by  55  in.  high,  or  84  cu  ft  per  bundle. 

6.  Half-mat  pallets  (FSN  5680-930-1525),  specially  marked,  are 
similar  to  the  full-mat  pallets,  except  they  are  approximately  half  the 
size  of  the  standard  mat  bundles  (Headquarters,  Dept,  of  the  Army,  1968). 
The  half  panels  are  bundled  in  pallets  containing  32  half  panels  and 

33  locking  bars.  In  the  normal  placement  pattern,  half  panels  would  be 
required  at  the  ends  of  the  complex  to  maintain  a  straight  edge.  In 
some  placement  patterns,  the  male-female  joint  is  continuous  across  the 
roadway  width  (perpendicular  to  traffic  directions),  and  half  panels  are 


References  cited  in  this  appendix  refer  to  REFERENCES  at  the  end  of 
the  ma in  text . 
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not  required.  However,  to  maintain  the  brick-laying  pattern,  the  edges 
of  the  roadway  would  be  irregular  or  jagged. 

7.  Additional  pallets,  male-female  anchor  attachments,  and  earth 
anchors  (Figure  13)  are  crated  in  packages  of  125,  175,  and  250, 
respectively . 

M8A1  airplane  landing  mat 
(Federal  Stock  No.  5680-781-5577) 

8.  Panels .  The  M8A1  panels  are  formed  of  0 . 125-in . -thick  steel 
sheets  (Headquarters,  Dept,  of  the  Army,  1973).  As  shown  in  Figure  IA, 
the  panels  are  solid  planks  with  no  pierced  holes.  The  end  connections 
incorporate  moment-transferring  joints  made  of  four  3/A-  by  3/A-  by 
10-1/2-in.  sliding  steel  pins  that  are  driven  into  place  with  a  hammer 
or  bar  after  the  panels  are  placed.  The  side  connector  hooks  are  along 
one  side  of  the  panel  only,  and  the  opposite  edge  is  rolled  under  the 
hook  slots  to  form  a  smooth  contour  at  the  subgrade  and  furnish  addi¬ 
tional  strength  along  the  side.  The  panels  can  be  placed  at  a  rate  of 
approximately  361  sq  ft  per  man-hour  on  an  airfield.  A  basic  mat  place¬ 
ment  crew  consists  of  seven  men  (one  NCO  and  six  EM's)  on  an  18-ft-wide 
road . 

9.  Pallets .  A  standard  pallet  (bundle)  consists  of  13  full  and  2 
half  panels  bound  together  (Figure  15).  The  panels  are  nested  in  pairs 
in  the  pallets.  The  pallet  is  1.88  by  12.21  by  0.91  ft,  or  20.9  cu  ft, 
and  weighs  2036  lb.  Before  transporting  the  bundles  to  the  site  for 
placement,  the  bundles  should  be  opened,  rearranged  with  panels  added, 
and  rebundled.  The  new  bundle  will  consist  of  10  full  and  10  half 
panels  (the  equivalent  of  15  full  panels)  with  the  individual  panels 
oriented  and  stacked  as  they  will  be  placed.  The  extra  half  panels  are 
made  by  cutting  a  full  panel  at  the  transverse  center  line.  The  panels 
should  be  stacked  bottom  to  top  with  the  connector  hook  edges  on  one 
side  of  the  bundle  and  the  rolled  edge,  which  contains  the  connector 
slots,  on  the  opposite  side  of  the  bundle.  A  bundle  will  consist  of 
five  groups  of  panels  bound  together  with  straps.  Each  group  is  made  up 
of  panels  stacked  on  top  of  each  other--one  full,  two  halves,  and  one 


Figure  15.  Bundle  of  13  full  and  2  half  panels 


full.  The  rebundle  will  be  1.7  by  12.1  by  1.4  ft,  or  28.8  cu  ft,  and 
will  weigh  approximately  2180  lb. 


T17  membrane  (Federal 
Stock  No.  5680-00-93CL-E1) 


10.  The  T17  membrane  is  a  neoprene-coated,  2-ply  nylon  fabric  de¬ 
signed  to  provide  a  dustproof  and  waterproof  wearing  surface  for  soil 
subgrades  used  as  airfields  or  roadways  (Headquarters,  Dept,  of  the  Army, 
1966b).  The  surfacing  consists  of  54-in. -wide  runs  of  the  fabric  joined 
with  a  series  of  2-1/2-  to  3-in. -wide  adhesive,  single-lap  joints.  An 
uncrated  bundle  (FSN  5680-00-921-8731)  (Headquarters,  Dept,  of  Army, 
1973),  100  by  36  ft,  ready  for  deployment,  is  shown  in  Figure  16.  The 
membrane  is  packaged  in  various  sizes  to  meet  runway,  helipad,  taxiway, 
and  parking  area  requirements.  The  size  of  the  membrane  surfacing  can 
be  vjried  by  cutting  to  fit  a  particular  area.  A  convenient  size  for  a 
roadway  is  100  by  18  ft.  The  membrane  should  be  cut  so  that  the  direc¬ 
tion  of  traffic  is  parallel  to  the  adhesive  seam  joints.  The  long  di¬ 
mension  is  folded  in  4-ft  laps,  and  then  the  short  dimension  is  folded 
back  on  itself  from  each  edge  to  make  a  4-  by  4-  by  1.5-ft,  or  24-cu-ft, 
bundle  weighing  approximately  574  lb.  The  weight  of  the  membrane  is 
0.33  lb/sq  ft.  In  use,  the  membrane  does  not  act  as  a  load-distributing 
medium,  and  the  subgrade  must  be  of  such  strength  to  support  any  wheel 
load  applied  to  the  surfacing.  The  material  acts  to  prevent  dust  and  to 
shed  water  preserving  the  subgrade  strength. 


LOA  Requirements,  Material  Installation  and  Service 


General 


11.  These  instructions  are  provided  for  the  commander,  who  in  tne 
TO  finds  that  the  M19  mat,  M8A1  mat,  and/or  the  T17  membrane  are  the 
only  surfacing  materials  available  to  support  his  vehicular  traffic  when 
there  is  a  need  for  a  gap  crossing  in  a  military  operation  such  as 
access/egress  at  a  stream  crossing.  The  major  LOA  requirements  are 
listed  below,  and  each  inventory  item  or  combination  of  items  is  dis¬ 
cussed  completely  as  it  meets  these  requirements. 
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a.  Assault  vehicle  egress  role.  The  system  must  allow  swim¬ 
ming  and  fording  combat  vehicles  to  exit  streams  that 
have  slopes  within  their  normal  climbing  capabilities 
(maximum  25  percent).  The  egress  points  must  be  capable 
of  withstanding  at  least  25  passes  by  vehicles  up  to  and 
including  Military  Load  Class  (MLC)  60.  The  system  will 
enable  one  squad  of  an  Engineer  Combat  Company,  using 
current  organic  equipment,  to  simulaneously  install  two 
egress  points  5  m  wide  and  15  to  20  m  long  within  15  min 
after  arriving  at  the  exit  bank. 

b.  Bridge  equipment  access  role.  The  system  must  provide 
access  lanes  for  use  by  gap-crossing  equipment  to  reach 
bridge  launch  sites.  The  access  lanes  must  be  capable  of 
withstanding  at  least  50  passes  by  vehicles  up  to  and 
including  MLC  25.  The  system  will  enable  10  people  from 
the  Engineer  Assault  Float  Bridge  Company  (Ribbon), 
using  current  organic  equipment,  to  install  single  lanes, 
4  m  wide,  at  the  rate  of  100  to  125  m  in  30  min. 

c.  Bridge  traffic  access/egress  role.  The  system  must  pro¬ 
vide  roadways  capable  of  withstanding  2000  to  3000 
vehicle  passes  (10  percent  rated  at  MLC  60).  The  system 
will  enable  one  platoon  of  the  Engineer  Combat  Company 
(Corps),  using  current  organic  equipment,  to  install 
single,  4-m  lanes  at  the  rate  of  250  to  300  m  in  45  min. 

M19 

12.  When  the  roadway  area  to  be  covered  with  the  M19  mat  is  iden¬ 
tified  and  the  matting  and  required  ancillaries  are  onsite,  the  place¬ 
ment  of  panels  (Headquarters,  Dept,  of  the  Army,  1965  and  1966a;  Depts. 
of  the  Army  and  the  Air  Force,  1968)  is  begun  by  the  NCO  in  charge  and  a 
crew  of  enlisted  men  as  follows.  The  NCO  should  be  inside  the  area  to 
be  covered  and  approximately  15  to  30  ft  from  and  facing  the  starting 
line  (across  the  road  width).  The  first  full  panel  should  be  placed  in 
the  right  upper  corner  with  the  male  connector  parallel  to  the  center 
line  of  the  road  (parallel  to  the  traffic  direction  (Figure  I7a));  the 
female  connector,  parallel  to  the  outside  edge  of  the  road;  and  the 
underlap  connector,  perpendicular  to  the  center  line  of  the  road.  The 
second  panel  is  placed  to  engage  the  underlap  connector  of  the  first 
panel  with  the  overlap  connector  of  the  second  panel,  and  the  panels  are 
locked  together  with  a  connector  bar.  (The  two  panels  are  along  the 
outer,  upper  right  edge  of  the  roadway,  which  is  row  1).  All  panels  in 
row  1  are  placed  in  this  manner.  The  third  panel  (a  half  panel)  is  the 


first  panel  placed  in  the  second  row  and  is  held  at  45  deg  while  the 
female  connector  engages  the  male  connector  of  previously  placed  panel  1 
and  then  hinges  into  position.  Panel  4,  connecting  panels  1  and  2  along 
the  male  connector,  is  placed  similarly  to  panel  3  such  that  panels  3 
and  4  combine  to  form  the  under lap-over lap  connection  and  are  locked  to¬ 
gether  by  the  end  connector  bar.  Panels  5  and  6  (a  half  panel)  are  the 
first  panels  in  rows  3  and  4,  respectively,  and  are  placed,  as  are  all 
panels  thereafter  in  rows  2,  3,  and  4,  similarly  to  the  placement  of 
panel  4,  i.e.,  by  holding  the  panels  at  45  deg  to  the  panels  in  place 
and  hinging  the  female  and  male  connectors  together,  and  next  dropping 
the  panels  into  position  so  that  the  overlap-uhderlap  connectors  are  en¬ 
gaged  and  then  locked  together  with  the  end  connector  bar.  A  stair-step 
pattern  is  formed  and  is  continued.  As  long  as  the  road  is  straight, 
four  rows  of  mats  are  placed  with  the  right  row  (row  1)  preceding  row  2, 
etc.,  across  the  road  width  (Figure  I7a).  In  this  placement  pattern, 
the  mats  can  be  placed  at  a  rate  of  573  sq  ft  per  man-hour,  using  a  team 
of  two  workers  along  each  individual  mat  row. 

13.  If  and  when  the  road  curves  to  the  right  of  the  NCO,  who  is 
in  charge  and  facing  the  starting  position,  another  row  to  the  right  of 
row  1  must  be  started  and  placed  so  that  it  falls  into  the  roadway  width. 
The  panels  in  the  new  row  (extreme  right)  are  placed  before  the  panels 

in  adjacent  rows,  and  the  stairstep  pattern  is  continued.  Also,  the 
first  panel  in  any  and  all  new  rows  to  the  right  is  placed  by  connecting 
the  male  into  the  previously  placed  female  connector  (keeping  the  stag¬ 
gered  joints)  and  hinging  into  place  (Figure  I7b).  This  placement  is 
opposite  to  the  placement  of  panel  4  as  previously  described.  As  the 
road  continues  to  curve  to  the  right,  additional  rows  are  begun  to  the 
right  to  cover  the  roadway's  width,  and  the  pattern  placement  continued. 
This  procedure  is  repeated  as  the  curve  continues  to  the  right. 

14.  If  the  road  swings  in  the  opposite  direction  (to  the  NCO's 
left)  and  panels  in  the  right  row  cover  the  outer  edge  of  the  roadway, 
no  further  panels  are  required  in  that  row.  To  compensate  for  this 
arrangement,  extra  rows  of  panels  are  added  to  the  left  so  that  the 
roadway  width  is  completely  covered  and  the  stairstep  pattern  of 
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placement  is  maintained  (Figure  I7c).  The  rate  of  mat  placement  on  a 
curved  surface  may  be  slightly  less  than  that  achieved  when  placed  on  a 
straight  roadway  (see  paragraph  12). 

15.  The  M19  mat  can  be  placed  on  a  25  percent  hill  or  stream 
slope.  This  placement,  which  is  started  at  the  bottom  and  goes  up  the 
slope,  is  for  a  straight  road  as  described  in  paragraph  12  (Figure  I7a). 
An  area  of  651  sq  ft  on  a  25  percent  slope  can  be  surfaced  with  the  M19 
in  24  min  using  six  enlisted  men  and  an  NCO  for  a  rate  of  236  sq  ft  per 
man-hour,  which  approaches  only  one-fourth  the  rate  required  in  the  LOA 
for  the  assault  egress  role.  The  panels  are  anchored  along  the  sides 
with  three  or  four  anchors  per  side  in  a  40-ft  length.  The  screw 
anchors  (Figure  13)  will  have  to  be  modified  as  air  compressors  will  not 
be  available  at  a  forward  site.  The  anchors  can  be  modified  by  cutting 
off  the  4-in.-diam  helix  and  using  the  anchor  as  a  drive  anchor.  A 
suitable  alternative  for  anchors  is  to  use  a  3/4-  or  7/8-in. -diam  rein¬ 
forcing  bar,  30  in.  long,  and  bend  the  end  6  in.  in  the  shape  of  a  "7." 
Also,  the  disc  anchor,  made  of  1/4-  by  12-in. -diam  steel  head  welded  to 
a  3/4-in. -diam  by  2-ft-long  steel  reinforcement  bar,  may  be  used  (Fig¬ 
ure  18).  Either  anchor,  with  the  anchor  attachment  (Figure  13),  will 
help  to  hold  the  panels  in  place.  However,  even  when  anchored,  the  mats 
will  move  under  traffic  as  much  as  7  in.  when  trafficked  by  25  passes  of 
a  loaded  M48A1  tank.  Unanchored,  the  same  traffic  caused  the  mat  to 
move  as  much  as  20  in.  As  few  as  75  passes  of  mixed  traffic  through  mud 
and  clay  from  the  M113,  M48A1,  and  M54  vehicles  caused  as  much  as  90  per¬ 
cent  of  the  antiskid  to  be  abraided  from  the  mat  in  the  tracking  lane 
(Figure  19). 

16.  To  meet  the  LOA  bridge  equipment  access  role,  the  surfacing 
must  be  capable  of  being  placed  at  a  rate  ranging  from  862  to  1076  sq  ft 
per  man-hour  over  a  roadway  width  of  4  ra  (13.13  ft).  The  rate  achiev¬ 
able  with  the  M19  mat  utilizing  10  men  is  573  sq  ft  per  man-hour  or  only 
53  to  67  percent  of  that  required  by  the  LOA.  The  M19  mat  will  sustain 
the  50  passes  of  vehicular  traffic  up  to  MLC  25  as  required. 

17.  The  bridge  traffic  access/egress  role  in  the  LOA  requires 
that  the  surfacing  sustain  2000  to  3000  passes  of  vehicular  traffic 
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including  up  to  10  percent  by  MLC  60.  Also,  the  surfacing  is  to  be 


placed  at  a  rate  of  574  sq  ft  per  man-hour  using  30  men.  As  stated  pre¬ 


viously,  the  M19  mat  can  be  placed  at  a  rate  of  573  sq  ft  per  man-hour 


on  a  roadway  that  is  16  ft  wide  (four-panel  widths).  The  panels  when 


placed  will  sustain  the  required  3000  passes  of  traffic  including  10  per¬ 
cent  of  which  are  MLC  60,  without  structural  failure  as  required  in  the 
LOA  for  bridge  traffic  access/egress  role. 

18.  The  M19  mat  will  support  all  of  the  traffic  required  by  the 
LOA  on  a  subgrade  strength  of  1  to  2  CBR  (California  Bearing  Ratio). 


The  mats  on  a  25  percent  slope  will  provide  support  and  traction  in  both 
a  wet  and  a  dry  condition  for  the  Ml  13  armored  personnel  carrier  (APC), 


the  M54  cargo  truck,  and  the  M48A1  combat  tank  with  a  gross  weight  of 


106,000  lb.  If  these  vehicles  are  trafficked  through  a  heavy  wet  clay 


before  getting  on  the  25  percent  mat-surfaced  slope,  only  the  Ml  13  APC 


can  negotiate  the  slope  for  the  required  25  passes;  its  performance  is 
considered  marginal  since  it  becomes  increasingly  more  difficult  as  more 


clay  is  tracked  on  the  mat  surface.  The  M48A1  tank  can  make  only  five 


passes  in  this  condition,  and  the  M54  truck  cannot  make  any  passes  up 
the  slope.  However,  the  tank  may  become  immobilized  before  five  passes 
because  of  clay  tracked  on  the  mat  slope. 


19.  When  the  roadway  area  to  be  covered  with  the  M8A1  mat  is 
identified  or  selected,  the  placement  of  the  mat  (Headquarters,  Dept,  of 
the  Army,  1965  and  1966a;  Depts .  of  the  Army  and  the  Air  Force,  1968)  is 


begun  using  an  NCO  and  six  enlisted  men  as  follows.  The  NCO  in  charge 


takes  a  position  in  the  area  15  to  20  ft  from  and  facing  the  starting 
line  (across  the  road  width).  To  cover  the  4-m  (13. 13— ft)  width,  a  full 


and  a  half  panel  (18  ft  wide)  in  each  run  (one  run  of  mat  =  one  width  of 
mat  across  the  road  width)  are  required  to  meet  the  LOA  width  for  the 
bridge  traffic  access/egress  role.  On  a  restricted  width  of  18  ft,  only 
seven  men  can  be  effectively  utilized  to  achieve  the  fastest  placing 
rate.  The  first  side  connector  slot  edge  is  inside  the  area  (towards 
the  NCO),  and  the  offset  end  is  to  the  right  (oriented  as  in  plan  view 
of  Figure  14).  The  next  panel,  a  half  panel  containing  end  connector 
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bars,  is  placed  to  overlap  the  offset  end  of  the  first  panel.  The 
second  run  is  started  on  the  left  edge  with  a  half  panel,  which  has  an 
offset  end.  The  half  panel  is  held  with  the  side  connector  hooks  at 
45  deg  to  the  ground  to  engage  the  side  connector  slots.  When  engaged, 
the  panel  is  slid  approximately  1  in.  to  the  left  or  right  and  lowered 
to  the  ground  engaging  the  locking  lug  in  the  locking  lug  slot.  (The 
sliding  direction  is  optional  on  this  panel  only  as  all  panels  in  the 
same  run  are  slid  the  same  direction  and  panels  in  alternate  runs  are 
slid  in  opposite  directions.)  The  next  panel  in  run  2,  a  full  panel,  is 
held  and  slid  as  the  previous  panel  is  slid  to  engage  panels  in  run  1 
and  dropped  into  position.  Should  the  roadway  curve  to  the  left,  begin 
placing  panels  as  far  to  the  left  to  cover  the  curving  road  or  simply 
continue  adding  panels  to  the  right  to  extend  the  run  as  required  to 
cover  the  right  curving  road  area  as  the  situation  dictates.  After  14 
to  16  runs  have  been  placed,  the  fastening  of  end  connectors  may  be 
started  on  run  1.  There  should  always  be  14  to  16  runs  between  the  mat 
placing  and  the  fastening  of  end  connectors  so  that  completing  the  end 
connection  does  not  cause  misalignment  of  the  mat.  The  sequence  of 
placement  is  shown  in  Figure  110.  A  placing  rate  of  361  sq  ft  per  man¬ 
hour  using  an  NCO  and  six  enlisted  men  can  be  achieved.  The  required 
250  to  300  m  (820.2  to  984.0  ft)  long  by  4  m  (13.13  ft)  wide  (1,000  to 
1,200  sq  m  or  10,770  to  12,924  sq  ft),  can  be  placed  in  4.26  to  5.11  hr. 
This  is  greatly  in  excess  of  the  0.75  hr  stated  in  the  L0A  for  the 
bridge  traffic  access/egress  role.  However,  the  mat  will  sustain  the 
3000  passes  of  convoy  traffic  as  required. 

20.  The  M8A1  mat  can  be  placed  up  a  25  percent  slope.  The  panels 
are  placed  as  described  in  paragraph  19,  starting  at  the  toe  of  the 
slope,  except  alternate  runs  are  placed  to  produce  a  6-in.  offset  (Fig¬ 
ure  Ill).  The  offset  is  necessary  so  that  drive  anchors  can  be  placed 
along  the  edges.  An  NCO  and  six  enlisted  men  can  place  662.4  sq  ft  in 
13  min  for  a  rate  of  163  sq  ft  per  man-hour,  which  is  only  19  percent  of 
the  rate  required  in  the  assault  vehicle  egress  role  of  the  L0A.  The 
panels  are  anchored  along  the  sides  (Figure  112)  with  three  or  four 
anchors  per  edge  in  each  40-ft  length  of  roadway,  using  any  suitable 
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2-ft-long  drive  anchors  as  described  in  paragraph  15.  Seventy-five 


passes  of  mixed  traffic  (which  meet  the  assault  egress  requirement)  will 
cause  the  anchored  panels  to  move  down  a  25  percent  slope  approximately 


2  in. 


21.  To  meet  the  LOA  bridge  equipment  access  role,  the  surfacing 
must  be  capable  of  being  placed  at  a  rate  of  1077  sq  ft  per  man-hour 
over  a  maximum  roadway  width  of  A  m  (13.13  ft).  To  meet  the  13.13-ft- 
wide  dimension,  one  and  a  half  panels  per  run  will  be  required.  A  plac¬ 
ing  rate  of  361  sq  ft  per  man-hour  can  be  achieved  using  seven  men  (dis¬ 
cussed  in  paragraph  19).  At  this  rate,  it  will  require  from  1.71  to 
2.13  hr  to  place  the  required  100  to  125  m,  respectively,  which  is 
greatly  in  excess  of  the  LOA  requirement  of  0.5  hr.  However,  the  M8A1 
mat  will  support  in  excess  of  the  required  50  passes  by  vehicles  up  to 
and  including  MLC  25  in  the  access  role. 

22.  The  M8A1  mat  will  also  support  all  of  the  traffic  required  by 

the  LOA  on  a  subgrade  strength  of  1  to  2  CBR.  The  mats  on  a  25  percent 
slope  will  provide  support  and  traction  in  both  the  dry  and  wet  condi¬ 
tions  for  the  M113  APC ,  the  M51  dump  truck,  the  M54  cargo  truck,  and  the 
M48A1  combat  tank  with  a  gross  weight  of  106,000  lb.  If  these  vehicles 

are  trafficked  through  a  heavy  wet  clay  before  getting  on  the  25  percent 
mat-surfaced  slope,  only  the  Ml  13  APC  can  negotiate  the  slope  for  the 
required  25  passes;  its  performance  is  considered  marginal  since  it  be¬ 
comes  increasingly  more  difficult  as  more  clay  is  tracked  on  the  mat 
surface.  The  M48A1  tank  can  make  three  passes  in  this  condition,  and 
the  M5 1  and  M54  trucks  cannot  make  any  passes  up  the  slope.  However, 
the  tank  may  become  immobile  before  three  passes,  depending  on  how  much 


wet  soil  is  tracked  onto  the  mat  surface. 


23.  The  M8A1  mat  can  be  used  for  MI  13  armored  personnel  carriers 
to  egress  a  stream  with  a  25  percent  slope  when  wet.  Two  to  five  runs 
of  mats,  18  ft  wide  (one  and  a  half  panels),  are  connected  and  locked 
(see  paragraph  19).  (The  panels  are  connected  so  that  the  rolled  edge 
of  the  mat  is  near  the  water's  edge  and  the  hook  edge  is  up  the  slope.) 
The  hooked  panels  (sections)  are  inverted  (a  crane  can  be  used),  and 
then  the  section  is  shoved  into  the  water  (rolled  edge  first)  until  the 
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closest  edge  is  3  to  5  ft  from  the  water's  edge.  Before  putting  the 
section  in  the  water,  cables  are  attached  to  each  edge  of  the  section 
for  anchorage.  Three  screw  anchors  per  edge  (Figures  13  and  113)  are 
used.  The  cables  are  pulled  tight  between  the  mat  section  and  screw 
anchors.  The  M113  APC  made  25  passes  from  the  lake  and  up  the  wet  slope 
from  the  surfacing  to  meet  the  LOA  traffic  requirement.  However,  be¬ 
cause  of  the  need  for  equipment  to  invert  the  section  and  the  additional 
effort  required  to  anchor  the  panels,  the  placing  rate  and  time  were  not 
noted  for  comparison  purposes.  After  this  use  of  the  mats,  they  were 
not  suitable  for  recovery  and  reuse  as  the  tracks  of  the  Mil  3  APC  de¬ 
formed  the  panels,  opened  the  rolled  edge,  broke  the  hooks,  and  caused 
the  panels  to  disconnect  (Figure  114). 

T17 

24.  The  T17  membrane  alone  will  not  meet  any  of  the  bridge 
access/  egress  roles  and  is  not  a  viable  solution  to  the  assault  vehicle 
egress  role.  However,  it  may  be  used  as  a  waterproofing  medium  under 
the  surfacing  material  to  better  accomplish  the  bridge  equipment  access 
role  and/or  the  bridge  access/egress  role.  After  acquiring  the  T17  mem¬ 
brane,  it  is  cut  to  a  desirable  size,  approximately  18  by  100  ft.  The 
long  dimension  is  accordian-folded  to  4  by  18  ft.  The  edges  are 
accordian-folded  again  to  the  center  4  ft  to  make  a  bundle  approximately 
4  by  1  ft  high  weighing  594  lb.  When  the  starting  line  is  determined, 
the  accordian-folded  membrane  bundle  is  placed  (Headquarters,  Dept,  of 
the  Army,  1965  and  1966a)  at  the  longitudinal  center  line  of  the  roadway, 
and  the  edges  are  stretched  across  the  width  of  the  roadway.  Two  men 
per  edge  pulling  in  opposite  directions  can  stretch  the  membrane,  and 
then  the  NCO  and  four  men  can  pull  the  accordiarifolded  membrane  along 
the  roadway  length.  The  18-  by  100-ft  membrane  surfacing  can  be  placed 
by  five  men  in  less  than  1  min.  When  the  next  section  of  membrane  is 
placed,  the  ends  to  be  joined  are  folded  together  in  a  French  fold 
across  the  road  width  with  a  1-ft  overlap  at  the  juncture.  There  is  no 
reason  to  anchor  the  membrane  when  used  beneath  surfacing  as  the  sur¬ 
facing  material  will  hold  it  in  place. 
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Figure  113.  The  M8A1  mat  anchored  at  lake  edge  with  three  anchors  and  cables 


damaged  by  traffic  in  egress  role 
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Analysis  Agency 
ATTN  DRXSY-CM 
Aberdeen  Proving  Ground,  MD 
21005 


Director 

US  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  DRXSY-MP 
Aberdeen  Proving  Grounds,  MD 
21005 


Director 

US  Army  Engineer  Waterways 
Experiment  Station 
ATTN:  Chief.  Library  Branch 

Technical  Information  Center 
Vicksburg,  MS  39 1  HO 


Commander 

US  Army  Troop  Support  & 
Aviation  Materiel  Readiness  Com 
ATTN:  DRSTS-MES  ( I ) 

4300  Goodfellow  Blvd 
St  Louis,  MO  63 1 20 


Engineer  Representative 
USA  Research  &  Standardization 
Group  (Europe) 

Box  65 
FPO  09510 


Commandant 
US  Army  Engineer  School 
ATTN:  ATZA-CDD 
Fort  Belvoif,  VA  22060 


President 

US  Army  Armor  &  Engineer  Board 
ATTN:  ATZK-AE-PD-l 
Fort  Knox.  KY  40121 
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Director 

US  Army  TRADOC 
Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Tech  Lib) 

White  Sands  Missile  Range,  NM 
88002 

MERADCOM 

Commander,  DRDME-Z 
Tech  Dir,  DRDME-ZT 
Assoc  Tech  Dir/R&D,  DRDME-ZN 
Assoc  Tech  Dir/Engrg  &  Acq, 
DRDME-ZE 

Spec  Asst/Matl  Asmt,  DRDME-ZG 
Spec  Asst/Scs  &  Tech,  DRDME-ZK 
CIRCULATE 

Chief,  Ctrmine  Lab,  DRDME-N 
Chief,  Engy  &  Wtr  Res  Lab, 
DRDME-G 

Chief,  Elec  Pwr  Lab,  DRDME-E 
Chief,  Canto  &  Topo  Lab,  DRDME-R 
Chief,  Mar  &  Br  Lab,  DRDME-M 
Chief,  Mech  &  Constr  Eqpt  Lab, 
DRDME-H 

Chief,  Ctr  lntrus  Lab,  DRDME-X 
Chief,  Matl  Tech  Lab,  DRDME-V 
Dir,  Product  A&T  Directorate, 
DRDME-T 
CIRCULATE 

Bridge  Division,  DRDME-MDS 

Tech  Reports  Ofc,  DRDME-WP 

Security  Ofc  (for  liaison  officers), 
DRDME-S 

Programs  &  Anal  Dir,  DRDME-U 
Pub  Affairs,  Ofc.  DRDME-I 
Ofc  of  Chief  Counsel,  DRDME-L 
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Department  of  the  Navy 

Commander,  Naval  Facilities 
Engineering  Command 
Department  of  the  Navy 
ATTN:  Code  032-B 
062 

200  Stovall  St 
Alexandria,  VA  22332 

Library  (Code  L08A) 

Civil  Engineering  Lab 

Naval  Construction  Battalion  Ctr 

Port  Huencnte,CA  93043 

Director 

Earth  Physics  Program 
Code  464 

Office  of  Naval  Research 
Arlington,  VA  22217 

Department  of  the  Air  Force 

US  Air  Force 

HQ  Air  Force  Engineering  &  Ser  Ctr 
Technical  Library  FL  7050 
Tyndall  AFB,  FL  32403 

Department  of  Transportation 
Library,  FOB  10A.M494-6 
800  Independence  Ave,  SW 
Washington,  DC  20591 

Others 

Professor  Raymond  R.  Fox 
School  of  Engineering  & 

Applied  Science 
George  Washington  University 
Washington,  DC  20052 

US  Army  Engineer  Waterways 
Experiment  Station 
ATTN:  Mr.  Hugh  Green 
P.O.  Box  631 
Vicksburg,  MS  39180 
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